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ABSTRACT 

Tr.is paper proposes four scenarios to guide future 
research investments by the federal Office of Special Education 
Programs in classroom uses of instructional technology for learners 
with disabilities. Sets of research and development activities to 
promote effective use of technology are proposed for: (1) reading 
instruction; (2^ writina instruction; (3) problem solving 
instruction; and (4) distributed cognition • Introductory material 
provides the rationale for choosing these themes* A 1- to 3-year 
agenda is suggested for research on reading and writing, stressed for 
research on reading instruction are the use of technology to support 
reading comprehension instruction and the use of technology with 
students of differing skill and age levels. Also recommended is 
developHiC' t of new instructional technology tools in reading. 
Research in writing instruction should address questions concerning 
the conditions under which word processing helps writing, 
facilitating writing collaboration, and instructional effects with 
disabled students. Increased development of writing instruction tools 
is also recommended. A 3- to 8-year agenda is suggested for research 
on problem solving and cognition. Proposed research questions for the 
problem solving area include identifying domain specific problem 
solving skills and behaviors and integration of problem solving 
instruction into content area subjects. Recommended for research into 
distributed cognition are questions about knowledge representation in 
technology based systems and instruction for optimal use of knowledge 
systems. (158 references) (DB) 
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I. INTRtXHiCTIOH 



Conputer-based Instructional technology captured educators' 
attention In the raid 1970s, aaldst promises that Its widespread use 
would revolutionize education. Special educators were afliong the first 
group of teachers to enthusiastically endorse the possibilities 
computers offered. Indeed, research regarding the efficacy of 
instructional technology with handicapped learners and low achievers 
has demonstrated that computers and other electronic technologies can 
be used to successfully deliver, suppleisent, and manage Instruction 
(Fuchs, Hamlett, Fuchs, Stecker, and Ferguson, 1988; Majsterek and 
Wilson. 1989; U.S. Congress, Office of Technology Assessment (OTA), 
1988; Schmidt, Welnstein, Niemic, and Walberg, 1985-86; Swan, Guerrero, 
Mitrani, and Schoener, 1990; Woodward, Camlne, Collins, 1988). 
However, fifteen years later, most educators agree that instructional 
technology has not lived up to Its promises (LaFrenz and Friedman, 
1989). Several factors can help explain why Instructional technology 
seems to have lost Its momentum. 

First, the fanfare with which instructional technology was 
introduced to educators and parents undoubtedly fostered naive claims 
and unrealistic expectations (Cohen, 1987; Cuban, 1986). Maddux (1988) 
notes that a pervasive mystique seemed to characterize many early uses 
of Instructional technology: "all we need to do is place a computer 
and a child In the same room and wonderful things will happen" (p. 8). 
For example. Initial word processing enthusiasts claimed that, by 
removing the paper-and-pencll burden, educators could unleash the 
creativity that lurked inside students with disabilities (e.g., Hagen, 
1984; Rosegrant, 1985). However, research soon showed that mere access 
to a word processor did not guarantee Improved writing (Hawlsher, 
1986). While it was true that students made more revisions to text 
when provided with word processing capabilities, these revisions tended 
to be surface-level changes that affected features such as spelling, 
punctuation, and length of text rather than ones that Improved the 
quality of writing (e.g., Daiute, 1986a). 
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A second factor, often unrecognized In discussions of 
Instructional technology, is the Halted resources available to work 
the promised technological miracles. In 1983, national data collected 
in the "School Uses of Hlcrocoaqiuter Survey* (Becker, 1983} indicated 
that schools had few computers, relative to total school enrollment. 
Desirous of giving all students access to computer experiences, schools 
tended to spread computers among as many students as possible. In the 
small am>unt of time each student had at the computer, s/he was most 
likely to get a taste of confuting by participating in a drlll-and- 
practlce activity, copying or creating a sl^le BASIC program, or 
playing a computer gan» (Becker, 1990a}. One can hardly expect that 
such limited computer experiences would have a substantial impact on 
teaching and learning. Minimal changes took place over the next few 
years. The "Second National Survey of Instructional Uses of School 
Computers* reported that technology remained divorced from day-to-day 
classroom Instruction. Computers were used primarily to provide 
enrichment and variety to the classroom routine or to teach computer 
literacy (Becker, 1985}. 

Only recently have schools been able to amass the quantity of 
computers that may be needed to impact instruction. Becker (1990a}, in 
describing data collected in the 1989 "Computers In Education" survey 
conducted by the International Association for the Evaluation of 
Educational Achievement (lEA}, reports that the "typical" school in 
this country now has about 45 coaqjuters; a significant increase from 
the 21 computers per school docun^nted in the 1985 survey (Becker, 
1985}. Roughly twice ?s many teachers in the 1989 survey reported 
using computers for Instruction than did their counterparts In 1985. 
Moreover, Becker reports that the proportion of schools with 15 or more 
computers has Increased from 24 percent in 1985 to 57 percent in 1$89. 
He concludes that 15 computers per school constitutes a critical mass; 
with this many computers located in one class or lab, whole class 
instruction is now feasible If students work in pairs. 

A third factor that has prevented more widespread use of 
technology In the schools is insensitivity to the constraints that 
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teachers encounter in schools and classrooias. The educational system 
has been chastised for the "narrow" ami unlnaglnative ways in which It 
utilizes technology (Russell, 1986; Turkel and Podell, 1984} and 
educators have been criticized for their unwillingness to use new 
hardware and software and their lack of Interest In professional 
developnent and change (cf. Hass, 1990). As Apple and Jungck (1990) 
note, pressures from a variety of constituencies have resulted In a 
tightly controlled currlculun In which teachers are expected In 
accoii^llsh iBore In a climate of diminishing resources and support. 
Although technology has been touted as a tine-saver, teachers have 
reported that the initial stages of utilizing a new technology are 
extremely challenging and Lime-consuming (OTA, 1988; Wiske, Zodhlates, 
Wilson, Gordon, Harvey, Krensky, Lord, Watt, and Williams, 1988). 
Moreover, as curricula become more regln^nted and ^re states utilize 
standardized test scores to gauge student progress, teachers will be 
reluctant to utilize technology applications that are not closely 
aligned to currlcular and assessment objectives (Un^ert, 1988; Wiske, 
Shepard, and Niguidula, 1987). 

To date, most demonstrations of successful Instructional 
technology applications have taken place In laboratories or controlled 
experimental settings. Although this research provides essential 
Illustrations of technology's potential, it is only a first step in 
ensuring that technology has a positive impact on teaching and learning 
as It occurs on a day-to-day basis. Teachers rarely have the level of 
support that is built into most research and denwnstratlon projects. 
Even when districts employ school- or district-level technology 
coordinators, these educators are often assigned circumscribed roles 
that allot them little time to support others In their Implementation 
of Instructional technology (Barbour, 198S; Lleber and Cosden, 1989; 
McGlnty, 1987; Zorfass, Persky, and Remz, 1990). 

When researchers have examined how technological innovations are 
Implemented under "natural" classroom conditions, they find enormous 
variability. Given access to identical hardware, software, and 
training; teachers will 'appropriate' technology and use It in ways 
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that are consistent with their own goals, styles, and physical settings 
(Amarel, 1983; Harvey, Kell, and Orexler, 1990; Newman, 1989); 
producing different results across settings. Thus, Instructional 
technology can be likened to a chaaeleon; depending on Its setting and 
the person using it. Its appearance may change. It should thus come as 
no surprise that the effects of instructional technology on teaching 
and learning are difficult to evaluate and synthesize. 

A final factor that has dampened enthuslasa for Instructional 
technology is the limited nature of the outcoiw ii»asures used in many 
studies. After reading reports of technology implementation projects, 
one cannot help but wonder about the gap between teachers' perceptions 
of technology's impact and the often negligible changes in traditional 
indicators of student performance (e.g., Orexler, Harvey, and Kell, 
1990) Hany studies have spanned only a few weeks or months. Because 
students with disabilities can be expected to learn at slower rates and 
need more intensive instruction than their non-handicapped peers; 
short-term Interventions can hardly be expected to produce significant 
changes. Pre- to post-test gains on achieveownt tests have been the 
typical metric by which technology outcomes are evaluated. However, 
many tests are inappropriate for atypical populations and are 
insensitive to the gains one can expect from students who learn at a 
slower pace (HcDermott and Watklns, 1983). Moreover, achievement tests 
address only one realm of potential technology-related outcomes. 
Indeed, %(me recent research suggests that outcoi^s such as enhanced 
intrinsic motivation (Lepper and Nalone, 1987; Halouf, 1985-86; Okolo, 
Hinsey, and Youseflan, in press; Rieber, 1990) and more adaptive 
attributions for successes and failures (Okolo, In preparation; Swan, 
Mitrani, Guerrero, Cheung, and Schoener, 1990) may be facilitated 
through Instructional technology. Changes In students' perceptions of 
learning and self-efficacy may be even more Important and enduring than 
the changes in skills or knowledge typically measured by achievement 
tests. However, affective states may be difficult to document until 
better assessn^nt techniques are developed. 
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Given the problens cited above, it is not surprising that 
1/istructional technology has not lived up to its initial protiises. 
Future research and related activities should be grounded in a thorough 
understanding of the factors that have liiaited instructional 
technology's utilization to date. Rather than assuming that these 
factors will restrict instructional technology to its present state of 
inqilei^ntatlon, the recommendations set forth in this paper will 
address ways in which these factors can be acknowledged, addressed, or 
avoided. 



A. Criteria for Recommending Fut ure Investments 

The purpose of this paper is to construct four scenarios to guide 
future investments in instructional technology. These scenarios 
encoiRpass sets of activities that can pronote effective uses of 
instructional technology for learners with disabilities and are 
organized around the following four themes: (a) Instructional 
technology and reading instruction, (b) instructional technology and 
writing instruction, (c) instruct iona** technology and problem- solving 
instruction, and (d) instructional technology as distributed cognition. 
These four themes focus on classroom uses of instructional technology; 
systems changes are addressed in a companion paper. 

Confronted with the task of choosing four themes from among the 
many unanswered questions about classroom uses of instructional 
technology, one must make choices. I have attempted to ground my 
choices in extant research and will highlight studies that support each 
theme. I also have been guided by what I believe must be the paramount 
consideration in decisions about future instructional technology 
Investments. If instructional technology Is to have optimal Impact, it 
must be used by teachers in a systenatic manner as part of their 
ongoing Instructional programs. In other words. Instructional 
techno' *gy must be integrated with the curriculum. The is^ortance of 
linking instructional technology to curricular needs has been 
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documented through the technology Integration projects funded by the 
Office of Special Education (Hacro Systems. 1989; Panyan and riuiniel, 
1988; Zorfass et a1., 1990) and In other research programs (e.g.. 
Winkler, Shavelson. Stasz, Robyn, and Felbel. 1985). 

I applied four other criteria to help me prioritize 
recommendations. First, I invoked the principle of educational 
necessity (Torgesen and Young, 1983). By focusing on "educational 
necessities," or the most critical problems faced by teachers and 
students (Torgesen and Young, 1983), Instructional technology can have 
a significant impact on the teaching and learning process. All four 
themes address important instructional needs of special education 
teachers and their students. 

Next, I considered the principle of educational unlcueness (Clark, 
1985). Technology can enable teachers and students to accomplish goals 
that are Infeaslble or impossible with traditional Instructional 
approaches. Some of the research and related activities encompassed in 
each scenario address ways that technology can extend existing 
Instructional approaches and promote the accomplishment of new 
knowledge and skills. 

Third, I choose themes that can help build a vision of multiple 
ways in which instructional technology can Improve special edu:at1on 
services. Despite the Increasing investment schools have made in 
hardware and software, drill-and-practice activities remain the most 
common Instructional technology application in elen^ntary schools and 
special education classrooms (Becker, 1990a; Becker and Sterling, 
1987). Educators need more information and guidelines about how 
technology can be used to achieve a broad range of educational goals 
(Kerr, 1990; Plomp, Steerneman, and Pelgrum, 1988; Wiske, Zodhlates, 
Wilson, Gordon, Harvey, Krensky, Lord, Watt, and Williams, 1988). The 
four scenarios depicted in this paper cover a spectrum of instructional 
technology applications and should add to existing information about 
potential classroom uses. 

Finally, I have eschewed the principle of tfichnoloav for 
technology's ^ake . In order to avoid naive promises and unwarranted 
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overgeneralizations. technology cannot l^e viewed as an end in itself. 
Rather, its role must be considered in relation to educational needs, 
educational practices, and principles of effective instruction. Extant 
research mist be used to delineate effective practices that my be 
iwplewented in new and perhaps better wa^s through instructional 
technology. The reconwended activities lin this paper are organized 
around substantive (e.g., reading instri^tion. problea solving), rather 
than technological themes (e.g., hypermedia, videodiscs). Although 
each theaatic area has its share of unrifsolved questions and 
theoretical controversies, sufficient theoretical and empirical work 
exists within each thenw to guide decisions about how technology can 
contribute to instruction. ( 

1 
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B. The^s Considered But Not Recoia^nded 

A nu^er of potential tbems met at least some of the above 
criteria but were not recomoended. Narrr fing the field of v<orth> 
topics to four necessitated establishing priorities and choosing themes 
that I believe will yield the greatest benefits for students with 
disabilities. Undoubtedly, one could argue that the topics described 
below are worthy of further exploration and, in soaie cases, they can be 
subsumed under the four scenarios I have reconRsnded. Ny rationale for 
QSl choosing each of these topics as the prir^ry focus of research and 
related activities are outlined below. 

Descriptive Studies of Technology Use 

NuBierous surveys and observational studies have docustented how 
regular and special educators perceive and use technology (e.g., 
Becker, 1985; 1987; 1990a; Cosden, 1988; Hanley, Clark, and White, 
1984; lewis, Dell, Lynch, Harrison, and Saba, 1987; Nokros and Russell, 
1986; Rieth, Bahr, Okolo, Polsgrove, and Eckert, 1988; Sandals and 
Hughes, 1988). Descriptive studies provide an important picture of the 
"state-of-the-practice" in instructional technology and, given their 
quantity and quality, currently constitute a sufficient base upon which 
to recoimrend future research investments that will broaden the ways 
that technology has been used and viewed over the past decade. 

General Attitudes toward Technoloov 

Students' and teachers' attitudes have been examined in a number 
of studies. Earlier research indicated that some teachers had unfavor- 
able attitudes toward technology and were anxious about using it (e.g.. 
Jay, 1981; Norris and Lumsden, 1984). However, attitudes toward 
technology appear to be extrea^ly malleable; when provided with oppor- 
tunities to use technology, teachers and students tend to develop 
positive attitudes. Thus, lack of experience may be the best 
explanation for the negative attitudes found in earlier studies. 
Recent research suggests that special educators and their students have 
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favorable attitudes toward Instructional technology (e.g., Gardner and 
Bates, 1989; Okolo and Oi^n, 1990a; Okolo, Rieth, and Bahr, 1989; OTA, 
1968). Factors other than attitudes, including lack of resources and 
tine constraints described above, present inore fonaidafole barriers to 
the impleisentation of instructional technology. Thus, attitudes in and 
of themselves do not seem worthy of further study, although researchers 
may wish to exanine attitudinal variables in the research and related 
activities recotaisnded below. 

Instruction in Basic Skills 

Basic skill instruction lends itself to insplementation in the 
drill-and-practice activities that have characterized much of 
educational computing. A highly productive line of research has 
examined how instructional technology can be used to teach basic 
skills. Effective technology-based interventions have been developed 
to promote autonaticity in math cofl^)utation (Goldman and Pellegrino, 
1987; Hasselbring, Goin, and Bransf«;rd, 1987; Rouse and Evans, 198S; 
Trifiletti, frith, and Armstrong, 1984), decooing (Jones, Torgesen, and 
Sexton, 1987; Torgesen, 1986; Warren and Rosebery, 1988), and word 
recognition (e.g., Cohen, Torgesen, and Torgesen, 1988; Lesgold, 1983; 
Roth and Beck, 1987; Torgesen, Waters, Cohen, and Torgesen, 1988). To 
a lesser extent, researchers have explored ways in which technology can 
enhance students' vocabulary knowledge (McKeown and Beck, 1988; 
Sternberg, Potrell, and Kaye, 1983). This line of research has produced 
knowledge and products that have substantially enhanced basic skill 
Instruction for learners with disabilities. It has also contributed to 
our understanding of effective instructional design, both on and off 
computers . 

Although basic skills are important, relatively little attention 
has been paid to ways in which technology can deliver instruction in 
higher-order skills iuch as reading comprehension, -ifritten expression, 
and problem solving. Given this disparity, it seems prudent to shift 
the focus of future efforts from basic skills to the higher-order 
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skins that are necessary for fluid and skilled performance in a 
variety of instructional donains. 

Progragraino Instruction 

PrografflBing Instruction has been a popular but controversial 
coraputer-based instructional activity (Johanson. 1988). Programing 
instruction, most often in ^IC or Logo, has been designed not only to 
teach prograiaraing itself, but also to teach problew-solvlng skills 
(e.g., Dalby and Linn, 1985; Minsky. 1970; Papert. 1980). Intu^Mvely. 
programwlng instruction seens likely to proisote problem- solving skills 
by virtue of the activities it entails and the approach it requires. 
Prograswers must specify tasks or problems, develop a plan, sequence 
information, generate and test hypotheses, work with precision, and 
attend to details (Palumbo. 1990). Despite a plethora of studies and 
heated controversy regarding methods and philosophies (e.g., Becker. 
1987; Pea. 1987; Papert, 1987; Walker. 1987); there is no convincing 
evidence to support the claim that programming Instruction enhances 
general problem-solving skills (Palumbo. 1990; Pea, 1984). The search 
for ways to improve students* problem-solving skills through technology 
should continue. However, in light of the extant evidence, it is 
recommended that future efforts to improve problem- solving skills be 
based in contexts other than programming instruction. 

lmr% Systems and ComputPr-Hanaogd Tn^triirt^^ffn 

These topics represent potentially Important uses of instructional 
technology that can improve instruction for students with disabilities 
and enhance educators' efficiency and efficacy. Both applications are 
designed to help educators and students make decisions; thus, they 
presume that the knowledge base upon which decisions are made can be 
embodied in a technology-based system. However, many decisions and 
practices in special education are based on a less-than-complete 
knowledge base. Consider the rampant disagreements about how to define 
learning disabilities or how to measure adaptive behavior. Horeover, 
the primary factors that Influence educators* decisions may not be 
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aiiffinable to technology-based representations. Referral practices, 
judgnents about the least restrictive environsient for an Individual 
child, or assess8»nts of a student's not i vat ion for learning are best 
explained by qualitative factors such as teacher tolerance, parental 
aspirations, or clinical judgment. Furthensore, Hativa's research with 
computer-managed instructional systems (Hativa, 1988; Hativa and 
Lesgold, 1990; Hativa, Shapira, and Navon, 1989} demonstrates that they 
often make inaccurate decisions about and prescriptions for students 
with disabilities. Finally, the cost associated with developing and 
field-testing these systems and the hardware and software needed to 
operate them may be prohibitive. 

The factors outlined above will continue to plague the development 
of expert systems and computer-managed instructional applications In 
the near future. Thus, I have not recommended that these topics as a 
sole focus for future OSEP Investments. However, som of the 
development activities reco«n»nded below could support further work 
with expert systems and computer-managed instructional applications. 

Motivational Attributes of Instructional Technology 

I believe this topic Is an important one; in fact. It Is my fifth 
choice for future OSEP Investments. As discussed above, one of the 
most Important benefits of instructional technology may be its Impact 
on students' self-efficacy and motivation to learn. Research which 
delineates the conditions under which Instructional technology has a 
positive effect on motivational variables could facilitate the 
development of Instructional technology applications that not only 
improve achievement but also enhance motivation. Because this paper is 
limited to four themes, I have attempted to suggest how motivational 
variables can be investigated within each scenario. 
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C. Oroanlzatinn of the Scenarios 



The following chapters will depict four scenarios to guide future 
research investments In classroom uses of instructional technology. 
Two scenarios are presented within each ti»efra«e and each scenario is 
organized around a substantive these, as described above. Each 
scenario opens with a brief introduction and overview. Within each 
scenario, reconnendations for research topics with a rationale and 
expected benefits. 

Questions are posed in conjunction with each set of recommenda- 
tions. These questions represent, to my mind, issues or topics that 
are most worthy of investigation. I have provided theoretical, 
empirical, or pragmatic information to justify the importance of each 
question. However, the reader should bear in mind that these questions 
do not constitute an exhaustive or restrictive list of the topics that 
could be examined under each set of activities. Undoubtedly, other 
researchers could pose and justify issues that are as or more 
important. 
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II. RESEARCH THEMES FOR A ONE TO THREE YEAR A6ENDA 

Research thems for the first tlaefrasie focus on the use of 
technology for literacy instruction. Literacy, defined broadly as 
proficiency in reading and written expression, is undoubtedly the 
paramount goal of our nation's educational systeis. Because students 
v«ith disabilities are most often referred to special education fur 
difficulties with reading and written expression, literacy instruction 
is a primary goal of special education services (Ysseldyke and 
Algozzine, 1983). Research that address the use of technology to 
support literacy instruction will address one of the im>st important 
instructional needs faced by educators and students with disabilities. 

Two scenarios are presented below for the themes technology and 
rgadiffq 1n?trV<;tl9n and technoloov and writino instruction. The focus 
of recommended research activities in both scenarios is on applied 
studies that examine the manner In which technology can facilitate 
specific instructional outcomes in typical classroom settings. In the 
proposed research activities, technology is viewed as playing an 
"enhancement" rather than "replacement" role (Hofmelster and 
Thorklldsen, 1989), and the primary goal of recommendations is to 
further the "state-of-the-practice" rather than the "state-of-the-art" 
in instructional technology. I am recommending that research 
activities within the first timeframe be supported for up to five 
years. 

In contrast, the development activities recommended in the first 
two scenarios may be accomplished in three years. They focus on the 
generation and evaluation of technological tools that can either 
deliver or support specific types of literacy instruction and are 
Intended to advance the state-of-the-art by providing teachers and 
students with new instructional technology applications. 
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A. Scenario One: Technology and Reading Instruction 

No other Instructional domain seems to generate as much 
controversy as reading. Perennial disagreements continue regarding ti'^e 
nature of proficient reading, the manner In which reading should be 
taught, and the relative ei^}has1s that particular skills should 
receive. Technology Is unlikely to resolve these disagreements, but It 
offers considerable potential to support a variety of reading skills 
and methods. 

Recommended Research and Development 

Two sets of research and development activities are recommended 
below. First, two research themes are proposed to investigate ways in 
which technology can support reading Instruction as it occurs In 
typical classroom settings. The second recomn»ndat1on Is for 
development activity that can stimulate the production and evaluation 
of technology-based tools to enhance students' reading skills. From 
this line of research, students with disabilities and their teachers 
would benefit by promoting effective uses of technology in reading 
instruction for a variety of students In different Instructional 
settings. Results and products from these projects could guide 
developers and manufacturers in their attempts to produce technology 
applications that are efficacious and consistent with currlcular goals 
and classroom practices. Findings can also provide an Important base 
for future preservlce and inservlce teacher preparation efforts. 

Research Activity: Technology In Support of Reading Instruction 

To date. Information about how technology can be used to support 
reading Instruction Is fragmented and often limited to data about the 
impact of a specific CAI program on the reading skills of a particular 
group of students. The research theB»s should focus on: 1} examine 
the use of technology to support reading coiqDrehenslon Instruction; and 
2} the use of technology with students of differing skill and age 
levels. The research efforts should be integrated into a comprehensive 
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of reading Instruction and Its effects on the teaching and learning 
process. ER^hasis should be placed on the utilization and exaninatlon 
of cofflBercially-available technology, rather than on the developiiient of 
new hardware and software applications. The following questions 
comprise a set of topics that warrant investigation under this research 
theme. 

How can instructional technology be used to support instruction in 
reading coi«)rehension ^skills? As described above, a nunber of studies 
have desionstrated that instructional technology can successfully 
supplement and reinforce Instruction in the basic skills of decoding, 
word recognition, and vocabulary knowledge. Although many experts 
agree that basic skills are critical components of reading (e.g., 
Anderson. Hiebert, Scott, and Wilkinson, 1985); a basic-skills-only 
focus does not directly address the i^ortant task of deriving meaning 
from connected text. Reading coi^rehension Is a complex task that 
draws not only on lower-level skills such as decoding, word 
recognition, and vocabulary knowledge; but also entails higher-order 
skills and strategies. Effective comprehenders make extensive use of 
their background knowledge, demonstrate awareness of different purposes 
for reading and different patterns of text organization, construct and 
verify predictions as they read, use context clues to aid 
comprehension, and monitor whether or not they understand (Bransford, 
Stein, and Vye, 1982; Merrill, Sperber, and JteCauley, 1981; Paris, 
1981; Pearson and Camperell, 1981). Learners with disabilities often 
need explicit instruction in these skills in order to become proficient 
readers . 

Researchers and curriculum developers have paid increasing 
attention to comprehension instruction In the past decade and a number 
of promising approaches have been developed and field-tested. 
Palinscar and Brown (1984) developed the activity of reciprocal 
teaching, which entails a structured dialogue between the teacher and 
students as they attempt to understand segments of text. The dialogue 
is guided by the activities of summarization, question generation, 
clarification, and prediction. Initially, the teacher leads the 
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dialogue and isodels the four coi^rehension activities. Eventually, 
students take turns leading the dialogue. The reciprocal teaching 
approach has been used successfully with reading and learning disabled 
students (Broim and Palinscar, 1982; 1987; Palinscar and Brow, 1984). 

Researchers at the University of Kansas have developed a learning 
strategies curriculum, the first strand of »*hi:h is designed to help 
students comprehend written snaterials. Five strategies in this strand 
focus on reading conprehension: the Visual Imagery Strategy, the Self- 
Questioning Strategy, the Paraphrasing Strategy, the Visual Aids 
Strategy, and the Hultipass Strategy. Instruction in each strategy 
follows an explicit acquisition-to-generalization sequence and promotes 
active student Involvement. Research has demonstrated that Instruction 
In these strategies can improve the reading skills of children and 
youth with mild disabilities (Clark. Deshler, Schuwaker, and Alley, 
1984; tenz. Schuiaaker, and Deshler, 1i< press; Schumaker, Denton, and 
Deshler, 1984; Schumaker, Deshler, Alley, and Denton, 1982). 

Despite the Importance of reading coi^rehension skills and the 
promising approaches developed by Palinscar and Brown and the 
University of Kansas researchers, mtnq others, little guidance is 
available to suggest how educational technology can support this aspect 
of reading instruction. Comprehension activities such as reciprocal 
teaching and learning strategies Instruction do not lend themselves to 
traditional CAI formats. However, newer technologies such as hyper- 
media and videodiscs may offer potential avenues for supporting a 
broader variety of reading instruction. Videodiscs have been used to 
create "macrocontexts"; or contexts that are sufficiently broad and 
rich to facilitate instruction in a variety of skills and content 
areas. Video macrocontexts can supply the background knowledge that 
students with disabilities often need to successfully construct meaning 
from text. Vye, Rowe, Kinzer, and Risko (1990) describe an 
experimental curriculum that Integrvted social studies content with 
reading comprehension activities. Tie videos "Young Sherlock Holmes" 
and "Oliver Twist" were used as macrocontexts to provide students with 
rich and authentic descriptions of 19th century England upon which to 
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build instructional activities and subsequent understanding. When 
compared to a traditional curricular approach, the macrocontext-based 
program had a significant is^act on students' recall, vocabulary usage, 
and cos^rehension and produced the greatest effects for low-achieving 
students (Risko et al., 1989; Vye et al., 1990). 

Text-based adventure gases, in which the user assumes the role of 
a character and is confronted with problems to be solved, represent 
another avenue for improving reading con^rehension skills. Adventure 
games such as Snoopers Troops and Where in the World is Cartron Sandieqo 
entail self-directed reading and problem-solving situations and are 
widely used in educational settings. Students appear to enjoy text- 
based adventure games, and thus are motivated to use them for reading 
practice. However, they may learn little from the activities 
themselves (Forsyth and Lancy, 1987; Wiebe and Hartin, 1990). 
Characteristics of adventure gai^s that mitigate their effectiveness 
include: (a) sparse and disjointed text, (b) an emphasis on problem 
solving, rather than reading instruction, (c) minimal assistance to the 
user, who must abandon the game if s/he can't solve the problems, (d) 
obscure and non- intuitive commands for game play, (e) requirements for 
strategic game play, which are often unclear, unused, or irrelevant to 
educational goals, and (f) graphics that do not accurately portray the 
phenomena they are supposed to depict (Grabe and Dosmann, 1988; Wiebe 
and Martin, 1990). Improvements in these features or in the manner 
with which text-based adventure gaii»s are used within the reading 
curriculum may enhance their efficacy. 

In summary, a variety of methods have been developed to teach 
reading comprehension skills, including reciprocal teaching and 
learning strategies instruction. However, little is known about 
whether these approaches can be delivered through or supported by 
instructional technology. Emerging technologies, such as hypermedia 
and videodiscs, may offer considerable advantages for enhancing 
students' background Information and vocabulary knowledge, ^reover, 
adventure games may offer a motivating format for the practice and 
exercise of reading comprehension skills. To date, researchers have 
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only begun to explore the types of reading coaprehenslon skills and 
strategies that technology can support and Its efficacy In doing so. 

How can Instructional technology best support readlflfl_lMtJ!iLCtlon 
at different developmental levels? The nature of reading instruction 
must vary with the skill level and characteristics of the learner. For 
example, the goals and activities of reading instruction for learning 
disabled first graders will be significantly different than those for 
adolescents with severe disabilities. Whereas phonics instruction may 
be fRost important for beginning readers at risk for learning 
disabilities, functional sight vocabulary may be critical for 
moderately disabled adolescents. Consequently, the manner in which 
instructional technology supports reading instruction must vary with 
reading goals and learner characteristics. However, little is known 
about how technology can support reading instruction for different 
goals and learners. Although some systematic research has examined 
instructional technolo^'s role in early reading instruction for at- 
risk students (e.g., Educational Testing Service, 1984; Harvey et al., 
1990); the majority of research has focused on elementary fchool 
students with learning disabilities. Educators could benefit from more 
extensive information regarding ways In which instructional technology 
can support reading instruction for a broader variety of activities and 
students. 

How can instructi onal technology facilit ate the provision of 
reading Instruction to students with disabilities In mainstream 
settings ? Instructional technology may offer alternatives to placing 
students with disabilities into mre restrictive settings for 
specialized reading instruction. Instruction presented through 
interactive technologies, such as cc»i^uter-based instructional programs 
and cosqjuter- interfaced videodiscs, can enable the classroom teacher to 
tailor instruction to individual needs in a manner heretofore 
infeasible. Students who need additional practice or instruction can 
review or reuse these programs as many times as necessary with minimal 
teacher assistance. As discussed earlier, macrocontexts can provide 
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disabled students with background Information to facilitate 
coinprehension. 

Researchers who have studied applications of Instructional 
technology In regular classrocffiis often coiMient on the liiqiroved social 
Integration and academic achlevei^nt of students with disabilities 
(e.g.. Brown, 1990; Weir, 1989; Winn and Coleman, 1989). These reports 
are anecdotal, however; few systeiaatlc studies exist of the conditions 
under which technology can facilitate integration. Research activities 
that address this question could offer useful strategies to facilitate 
the provision of Instruction in the least restrictive environment. 

How can synthetic speech be us ed to support reading instruction? 
Synthetic speech Is a critical elen^nt in any instructional software 
program thft mirrors the reading process in which text is translated to 
speech. However, many Issues about its use remain unresolved. Speech 
synthesizers vary widely in the intelligibility of their speech output; 
predictably, the most intelligible systems are also the most expensive. 
Poor-quality speech may violate the integrity of a computer-based 
instructional program. Students may invest more mental effort in 
understanding the soeech than in learning the decoding principles or 
the vocabulary words Intended by the developer. Given the expense 
Involved in producing highly intelligible speech output, developers and 
educators will have to sacrifice intelligibility for cost. But to what 
extent? What is the optimal cost vs. intelligibility ratio? What 
types of supporting information and contexts can be provided within or 
outside a computer-based program to enhance the intelligibility of low- 
cost speech output? Researchers have demonstrated that speech output 
becomes B»re intelligible to a user over time (Hoover, Reichle, Van 
Tassell, and Cole, 1987; Pisoni and Hunnicutt, 1980; Rhyne, 1982). To 
date, however, we know little about the types of familiarization 
experiences that can Improve speech intelligibility. 

Other questions that could enhance the efficacy of computer-based 
reading programs relate to the manner in which students access speech 
within a program. Many existing programs (e.g., Beck, fteKeown, and 
Roth, 1987; Higgins and Boone, 1989; Rosegrant and Cooper, 1983-84) 
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pemlt the student to decide when to access speech output for 
assistance In "reading" unfanlllar text. When we observed learning 
disabled students using Beck et al.'s, (1988) vocabulary progras, we 
found that rarely accessed Its speech output capabOltles (Okolo and 
Owen, 1990b}. Students not only had difficulty reiaei^rlng the 
multiple key sequence required to access speech, they were unaware of 
their need for the assistance speech output could provide. Wise 
(personal comnlcatlon, March, 1990) notes students my require 
explicit Instruction to laprove their awareness of the advantages of 
using speech output. How should prograns be structured so that 
students can easily access speech output? How nuch control should 
students be given over the use of speech output and how can students be 
taught to effectively monitor their need for the assistance that speech 
can provide? 

A final Issue of Interest, which has been raised In studies 
conducted by Wise et al., (1989), relates to the level at which speech 
output should be provided in programs thnt teach decoding skills. Is 
speech output most helpful at the word, syllable, or phonemic level? 
Speech output at each of these levels will contain differing amounts of 
contextual Information to aid Intelligibility, and thus the minimally 
acceptable quality of speech may vary. How Intelligible does speech 
need to be at each level In order to facilitate learning? Which level 
of feedback Is most efficacious for improving decoding skills and what 
impact does output at each level have upon students' ability to 
generalize decoding skills to new materials and situations? 

What are the effe cts of using Instruction al technology to provide 
reading Instruction to students with disabilities? This critical 
question must be Investigated at imiltlple levels. First, researchers 
and program developers must examine the Impact that Instructional 
technology has on the reading skills It purports to teach. Gains In 
reading skills should be measured through experlnwntal -control group 
comparisons wherever possible (Becker 1990b). Characteristics of the 
Instruction provided In both experimental and control groups should be 
thoroughly described. Researchers should avoid 'stacking the deck" by 
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coB^arlng Instructional technology with traditional approaches that are 
known to be Ineffective for students with disabilities. Control groups 
should receive instruction of a similar quality to that provided via 
technology. Otherwise, valid conclusions cannot be drawn about the 
relative advantages of instructional technology. 

Data also should be collected regarding the iiq^act of 
instructional technology on student mtivatlon, attitudes, and 
perceptions. Exai^les of variables that researchers say want to 
examne Include student Interest In and willingness to read, self- 
awareness of reading skills and strategies, attributions for success 
and failure In reading, and self-efficacy in reading. Although more 
difficult to measure, changes in these variables have inportant 
implications for judgments about the impact on instructional technology 
on students' present and future reading proficiency. 

A third topic for examination is students' perceptions of 
technology-based learning activities; partlculary when they Incorporate 
gafse-llice or video-based formats. Sal(Mi»n (1984) contends that the way 
learners perceive a r^ium and the qualities they attribute to it 
influence the depth at which Information Is processed. He examined 
differences in students' perceptions of text-based and TV-based 
versions of an instructional activity. Students reported that TV was 
more realistic; a feature often attributed to video-based instruction 
(The Cognition and Technology Group at Vanderbilt, 1990). They viewed 
themselves as more efficacious with TV than print and attributed 
success with print to their own ability or effort. In contrast, 
success with TV was attributed to the "easiness" of the activity. 
Both Salomon (1984) and Krendl (1986) found that students thinic they 
learn more from media which they prefer and find easy. However, when 
performance Is measured, students actually learn more from media they 
prefer less but perceive as harder. 

These results suggest that students may be predisposed to invest 
less mental effort when activities are perceived as "easy," and thus 
may actually learn less when instruction Is presented through formats 
such as videodiscs, mjltl-media, and games. Perceptions of these isedla 
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may Rltlgate their i^act unless students are taught iifix to learn from 
them and use then efficaciously. Further research on student 
perceptions of technology-based Instruction is needed to more fully 
explicate these Issues. 

A final area for Investigation Is the effect of Instructional 
technology on teachers' approaches to reading Instruction and their 
perceptions of students. Although existing research suggests that 
technology has a minimal Inqsact on the way In nrfilch teachers provide 
Instruction* the majority of studies to date have been of limited 
duration and have Investigated only comouter-asslsted instructional 
activities. Little Is known about how extended use of technologies 
such as videodisc-based Instruction may affect the instructional 
process. Researchers may wish to examine whether or not technology 
increases student interaction and collaboration; affects teachers' 
perceptions of their instructional role. Instructional planning, and 
goals for reading instruction; or enhances teachers' sense of efficacy 
and professionalism (Herman, 1988). Changes in teachers' perceptions 
of student ability may be another fruitful area for exploration. As 
discussed above, a number of researchers have presented enticing 
examples of disabled students who no longer appear different from their 
classmates when participating In technology- intensive instructional 
environments (e.g., Brown, 1990; The Cognition and Technology Group at 
Vanderbllt, 1990; Weir, 1989). However, most of these examples are 
based on incidental and post-hoc observations of reactions to an 
individual student's behavior. Case studies, interviews, or systematic 
observations of these phenomena could significantly enhance our 
understanding of whether or not instructional technology has a broad 
effect on classroom Instruction. 

What type of preparation and support do teachers need to imole^nt 
Instructional technology for reading instruction ? Eventual decisions 
about the feasibility and Impact of utilizing Instructional technology 
to support reading instruction must Include consideration of the 
preparation that teachers need to iB^leaent these innovations and the 
types of support they need to maintain them. Answers to these 



E-24 

questions should be based on extended study of the manner In which 
particular Instructional technology applications or prograas are used 
In a typical classroom setting over an extended period of tlise. In 
addition to collecting data regarding the lipact of technology on 
students, teachers, and the Instructional process; researchers should 
also provide data regarding the types and cost of hardware and software 
resources that are required. Infomatlon about the technical support 
needed to Inpleiient a progran and cost-effective ways of providing that 
support should also be collected. Researchers should describe ways In 
which they prepared teachers to utilize Instructional technology for 
reading Instruction and nay wish to examine the relative efficacy of 
different approaches. As teachers Implement technology, researchers 
should track the problems they encounter and their emerging needs for 
Information or support. 

Development Activity: Development and Evaluation of Technoloov-Based 
Instructional Tools for Support of Reading Cogmrehenslon Instruction 

Resources are needed to stimlate the development of new 
Instructional technology tools that can be used to support or provide 
reading Instruction. Research efforts should focus on the development 
and field-testing of new applications that embody principles of 
effective reading Instruction and address critical skill needs of 
students with disabilities. 

As discussed above, technology offers considerable promise for 
enhancing the delivery of reading coii^rehenslon Instruction and 
consequently l^rovlng students' reading comprehension skills. In 
addition to a vehicle for Instructional delivery, technology also can 
also be viewed as a tool that can provide on-line help to students In 
their efforts to construct meaning from text. Welzenbaun (1976) 
defines a techno! oolcal tool as 'a model for Its own reproduction and a 
script for the reenactmeiit of the skill It syi^llzes.' Thus, 
technological tools not only facilitate the accos^llshi^nt of a task, 
they can model effective ways of performing that task. Salomon (1988) 
purports that technological tools can be Internalized by the learner 
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and subsequently used as coonUlvg tools If they extend the learner's 
cognitive activities In novel and li^rtant Mays, are Mithin the 
learner's capabilities to asslnllate, and are explicit in their 
operation. The notion of cognitive tools Is a pm»erful one that has 
significant ln^llcatlons for the Instruction of students with 
disabilities. 

Warren and Rosebery (1988) describe a cw^uter-based program 
called the Reader's Assistant that enibodies characteristics of a 
cognitive tool. The program Is designed to promote con^rehenslon as a 
problem- solving activity and contains tw types of technological tools. 
The first Is a procedural tool that prompts the student to enter 
questions, summaries, and predictions about a text segment, in much the 
same way a teacher or peer would guide a student during reciprocal 
teaching. The program also contains enabling tools that provide 
students with on-line help in decoding and defining unfamiliar words 
and extending vocabulary knowledge. Enabling tools are Intended to 
help students overcoi^ the "bottlenecks" to comprehension often 
experienced by disabled readers. 

Higgins and Boone (1989) developed and field-tested hypertext 
reading materials that contain three levels of technological tools. At 
the first level, a reader can request information to supplement his/her 
existing background knowledge about the text. Including related 
pictures, animated graphic sequences, definitions, synonyms, and 
cos^uter-generated speech. Second-level tools Include strategies for 
decoding unknown words and for understanding relationships between 
words and phrases In the text. Third-level tools encompass activities 
that promote comprehension, including literal and inferential 
questions, paragraph summaries, main idea matching, and re-reading for 
specific details. Although these materials have not undergone 
extensive field-testing, preliminary results Indicate that program has 
a significant effect on the reading abilities of primary-age students 
who are at-risk for referral to special education services. 

With the exception of the programs describe above, few 
technology-based tools have been developed to support students' reading 
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comprehension. These research efforts can support the transfer of a 
broader range of cos^irehension skills and strategies Into technological 
tools, ftoreover, investigation of the conditions under which technolo- 
gical tools becone cognitive tools should coiaprlse a significant 
c(^onent of the activities supported by the proposed ccHapetltlon. The 
prograns developed by Warren and Rosebery and Higglns and Boone are 
examples of technological tools that can enhance students' co^rehen- 
sion of specific texts, i.e., the ones built into the computer prograw. 
Applications such as ti.^^e can have a nuch broader Intact if the 
supports, prompts, and infonsatlon they contain provide students with 
cognitive tools that can then be applied to any text. Extent research 
warns us of the ininimal probability that students will autonomously 
intuit the strategies embodied In these tools, internalize them, and 
generalize their use across varied tasks and settings (Perkins, 1985). 
Undoubtedly, students will need explicit Instruction to transform 
technological tools into cognitive tools (Haynes, Kaplnus, Malouf, and 
HacArthur, 1984). Developers should examine not only the ways in which 
technological tools can best support coim>rehens1on of text, but also 
the manner In which they should be structured and the type of 
Instruction necessary to promote their generalization. 

When field-testing new instructional tools, formative evaluation 
should comprise a substantial component. Developers should pay careful 
attention to the user- technology interface and the manner in which 
students interact with the technological tool. Syst^s with little 
tolerance for input errors or stray responses may be particularly 
inappropriate for learners with disabilities, who may be unable to 
adapt to stringent response requirements (Hativa and Lesgold, 1990). 
Observations and Interviews can help developers analyze how students 
understand features such as screen layout, icons, speech, help prompts, 
feedback, and response input (Char, 1989). 

Working prototypes of technological tools should be subjected to 
extensive field-testing in classroom settings. Char (1989) proposes 
that field testing address questions such as the following. How can 
this tool be used with individuals, small groups, and large groups? 
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How well does this tool relnforcCt c«^}lenent, or extend classrooa 
learning activities? How can educators assess the benefits of this 
tool for student learning and progress? What type of nianagefflent 
problens does this tool Introduce and how can these be resolved? 
Comprehensive evaluation Is critical for Iteratlvely Improving the 
operation of these applications and Increasing the likelihood that they 
will be utilized In classrooms. 
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B. Scenario Twor Tfichnoliwv and Writing Instruction 



Written language proficiency has l^ortant 1i^>1l cat Ions for 
students' school success, vocational flexibility, and Independent 
functioning (Englert et al., 1988). Researchers have found that 
students with disabilities exhibit both quantitative and qualitative 
deficits in written language skills. In co^arison to non-disabled 
peers, students with disabilities produce fewer sentences and words 
(^kelbust, 1973; Nodlne, Barenbaun, and Newcoiser, 1985). They also 
display difficulties In imjnitoring and editing their con^ositions 
(Englert, Raphael, and Anderson, 1986) and are less sensitive to 
organizational structures 'or cowprehending and composing text (Englert 
et al., 1986; Englert and Thojaas, 1987; Nodine et al., 1985). Clearly, 
written expression Is an important skill and a critical instructional 
need for many students with disabilities. 

From systematic research on technology and written instruction, 
results can promote the utilization of Instructional technology for 
written expression Instruction. Increased use of technology may not 
only increase the degree to which an in^ortant but often neglected 
skill Is provided to students with disabilities, It may also Improve 
the quality of written expression instruction. Technology offers 
opportunities for educators to confront written expression goals that 
have been difficult to achieve, such as enhanced motivation for 
writing. Individualized guidance during the revision process, and 
collaboration among disabled and nondisabled students. Research 
findings should generate needed information about ways In which 
educators can integrate word processing, telecomroinications, and 
networking into the language arts curriculum and the conditions under 
which these activities are effective. Data regarding the expense of 
implementing and maintaining these applications should assist teachers 
and administrators in making decisions about their relative costs and 
benefits. Finally, these research efforts can provide data and 
products that will be useful to developers, publishers, and teacher 
educators. 
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Bp>;i.arrh; Tec h n ff^« qr Supp o rt ff^ fffactivff Writlfw Innrtictlon 

Over the past decade, researchers and curr1cult«j developers have 
made substantial progress in developing strategies and materials upon 
which coiBprehensive pr(^ra»s of witten Instruction can be built 
(Grahaa and Harris, 1988). CmWUft fttratftqY Iffstnctlgn and 
ronafaoration are central features in B»st of these approaches. 
Cognitive strategies have been developed to guide the planning, 
generating, and revisions stages of writing. For exa^le. Graham and 
Harris (1988) describe a three-step strategy that students can use to 
plan and write opinion essays. Englert et al.. (1988) delineate an 
expository writing program titled -Cognitive Strategies Instruction for 
Writing.* One feature of this program is the use of "think sheets" 
that provide students with explicit organizational and thinking 
strategies for each stage of the writing process. The University of 
Kansas Learning Strategies Curriculum contains a strand of strategies 
for facilitating written expression that Include sentence, paragraph, 
and theine writing strategies and an error-fflonitoring strategy (Deshler 
and Schuinaker. 1986; Schuioaker, Nolan and Deshler, 1985; Schumaker and 
Sheldon, 1985). 

Collaboration between teacher and students and among students Is a 
second feature of many written expression instruction programs. 
Collaboration reinforces the communicative aspect of writing (Englert 
et al., 1988) and enables the teacher to iiK>del writing strategies and 
processes for students (Isaacson, 1989). Graham and Harris (1988) 
recoimiend that teachers should "develop a sense of community during the 
writing period" by encouraging students to share their writing and 
assist each other in the editing process. Englert et al., (1988) 
contend that collaboration not only assists students in the revision 
process but also affirms the writer's role as informant, reinforces the 
relationship between writing (author) and reading (audience), and 
improves students* comprehension- wjnltorlng skills. Glaser (1990) 
notes that collaboration "extends the locus of metacognltlve activity" 
by exposing learners to views other than their own, consequently 
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Challenging their Initial assujq)t1ons and helping then clarify their 
Initial understanding. 

As described above. Instructional technology proponents have on 
occasion assuiied that writing abilities would l^rove by virtue of 
access to technology. Researchers are now exploring the more 
productive question of how technology can be Integrated with writing 
instruction to enhance that Instruction and Isprove student skills. 
Answers to the questions discussed below could advance the use and 
efficacy of Instructional technology as a isajor cooiponent of written 
expression. Funding Is needed for programs of research that would 
penult these questions to be explored In classroom settings over time. 

Under what conditio ns does wo rd processlno help students with 
disabilitie s to become better writers ? Word processing comprises the 
predominant use of technology In language arts classes. The lEA survey 
(Becker, 1990a) found that an increasing amount of school computer time 
is spent on keyboarding and word processing, particularly at the high 
school level. Data regarding the Impact of word processing on 
students' written expression skills is equivocal. As Cochran-Smith, 
Kahn, and Paris (1989) point out, however, there can be no single 
answer to the question "do students write better when they use word 
processors?** Results depend on the capabilities of the user, the 
learning and teaching context, and the capabilities of the word 
processing hardware and software. 

Surprisingly little research exists regarding the enabling skills 
that students need to use word processors effectively. Numerous 
studies have examined the rate at which students acquire keyboarding 
skills (cf. Okolo lit a1., in press), but this line of research has shed 
minimal light on hfiW keyboarding skills can best be taught or whether, 
beyond a minimal level, they are essential to effective word 
processing. Less attention has been paid to other enabling skills, 
such as knowledge of word processing functions (e.g., delete, move) or 
word processing components (e.g., spell checkers, thesauri). 

An additional set of questions relates to the intersection of 
word processing and writing Instruction. Extant research suggests that 
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access to Mord processors should accmepany Instruction In the writing 
process (Grahais and MacArthur, 1987; Morocco, Oaltont and Tinvan, 
1989). Because student-coa^uter ratios are not likely to decrease 
substantially in the near future (Becker, 1990a), pragmatic issues 
related to word processing use warrant investigation. What should be 
the balance of teacher-directed instruction, independent practice 
afforded by word processors, and other types of writing practice? How 
much access to word processing is necessary to make a difference in 
students' skills? How should instruction be organized so that students 
transfer the skills they learn in teacher-directed lessons to 
independent word processing tasks? How well do students transfer 
writing skills applied during word processing to paper-and-pencil 
tasks? How can teachers effectively distribute individual word 
processing tine anrang a class of students? 

A variety of computer-based programs have been developed to 
facilitate the process of writing. For exa^le, pre-writing tools are 
available to help students choose topics, generate ideas, and focus on 
the audience for whom they are writing. Other tools, such as error 
checkers and re formatters, are designed to assist students in revising 
their compositions. To date, little is known about how these writing 
tools should be used. How effective are these programs and how can 
they supplement teacher-directed writing Instruction? How can students 
be taught to use them effectively? 

The role of multi-media environments in writing instruction is a 
final topic that is ripe for exploration. Hasselbring, Goin, and 
Wissick (1989) discuss the Multimedia Learning Lab; a prototype that 
combines text, video, digitized sounds, and synthesized speech. The 
writing component of the program permits students to enhance word 
processed compositions with sound, graphics, and video. Access to 
multi-iwdia environments is purported to be provide a much-needed boost 
to reluctant writers' motivation. However, little is known about how 
students actually use these environ^nts, how access to them should be 
structured so that they contribute to rather than detract from written 
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expression, and how teachers can take advantage of their possibilities 
in the delivery of written expression instruction and practice. 

prnr^sino tools ? At the present tiae, educators must choose froa 
among a variety of word processing prograas that operate in different 
ways and contain different functions. Word processing prograas that 
are difficult for students to use can hardly be expected to facilitate 
their writing. With the exception of studies by MacArthur and 
Schneiderman (1984). however, few researchers have studied design 
characteristics that could facilitate disabled students' use of word 
processors. He do not know, for exaaple. if menu-based or command- 
based systems easier for students to use. Nor do we know what types of 
help features are most easily accessed and most informative. 

We also lack information about student interaction with word 
processing features such as spelling checkers, thesauri, and 
dictionaries. Dalton (1989) notes that typical spell checkers find 
only 60 percent of disabled students' spelling errors. What types of 
features could be added to spell checkers to alert students to other 
types of errors? When typical spelling checkers locate errors, they 
often require the user to correct them by choosing from among a list 
of words that appear highly similar. A student with spelling or 
decoding problems is unlikely to have the skills that would enable 
him/her to reliably discriminate aiwng these words. How could spell 
checkers provide mre informative feedback to students with reading 
disabilities? Similar questions could be raised about the design 
features of thesauri and dictionaries. The utilization of alternative 
or improved design features of word processing programs and their 
components would enable students to derive greater benefits from these 
tool s . 

, ; ^n instruction a l t ft f^""^**"^ b** encPtifaqg 

ron.toration in tfl^ ^''^^'^ °''°"ss? The opportunity afforded by 
technology for extending one's interpersonal comBwnicatlon network has 
generated substantial enthusiasm in the educational cowrainity. A 
number of Instructional programs have utilized electronic networks and 
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telecmuni cat Ions to encourage student collaboration In the writing 
process. For exanple, the Coi^uter Chronicles Newswire project links 
3nl and 4th graders fors Alaska to counterparts on California. 
Students publish a newspaper and. In this process, engage In dialogues 
with students from a different culture, learn to conaunlcate clearly In 
writing, and evaluate and edit written coi^sltion (Rell, 1985). 
Another project, De Orilla a OrlUa, links non-English speaking 
students frm New England and California with Spanish-speaking students 
in Mexico and Puerto Rico to practice written comnication skills 
(Sayers and Brown, 1987). 

Although the optimism associated with collaborative writing 
projects has exceeded the data regarding their impact, some researchers 
have systematically docuB»nted positive effects on students* written 
products and motivation for writing (Daiute, 1986b; Daiute and Dalton, 
1988; Riel, 1985; Weir. 1989). Not all collaborative projects are 
equally effective, however. Those that require students to engage in a 
joint activity and are characterized by the interdependency found in 
cooperative learning groups seem to have the best chances for success 
(Laboratory of Cos^arative Human Culture, 1989). At this point, little 
else is known about how to structure these tasks. What Is their 
potential role in the writing curriculum? What features should they 
have? What types of enabling skills do students need before engaging 
In them? Given the social skill deficits common to students with 
disabilities, is social skill instruction a requisite component of 
collaborative writing programs? An additional issue of interest is the 
manner in which technology can support collaboration between disabled 
and non-disabled students In mainstreamed settings, subsequently 
facilitating the Integration of disabled students in regular 
classrooms. 

What are the effects of using instructional technology to provide 
written expression instruction to students with disabilities? As 
discussed in the previous scenario, investigation of instructional 
technology's impact should take place at oHiltlple levels. Achievement 
should be gauged through dependent iseasures that assess both the 
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quantitative and qualitative aspects of written expression. Transfer 
of written expression skills to and from technology-based activities 
should be Included In Judpients of prograai efficacy. Experli^ntal- 
control group contrasts should attes^it to equate the quality of 
Instruction betwen groups. Sufficient funding and tine should be 
allotted so that researchers can not only institute and study the 
iRipact of technology-based Interventions but also exaaine the manner In 
which these become Integrated into the classroom curr leu lias and 
routine. Systematic observation, repeated Interviews, and documentary 
analysis (e.g., teachers* schedules, students' written products) could 
provide Important sources of data to inform these efforts. 

Data also should be collected regarding the effect of word- 
processing and collaborative writing interventions on student 
motivation, perceptions, and attitudes. Increased student interest in 
writing and perceptions of self-competence may be among the mst 
Important advantages offered by word processing and collaborative 
writing experiences. Changes in teachers' and other students' 
perceptions also warrant investigation. These changes are of 
particular Interest for students participating in collaborative writing 
experiences. Do these activities enhance a disabled students' 
competence, in the eyes of others? Do they facilitate acceptance? Or 
do they make the learner's disabilities more salient to others? 

What types of or eoaratlon and support do educators need to 
implenffifit Instructional technoloov in writing Instruction? As 
discussed In the previous scenario, answers to this question are 
crucial to the eventual impact of technology on instruction. Data 
should be collected regarding the types of hardware and software 
resources required to Implement word processing and collaborative 
writing applications, with particular attention to cost. At the 
present time, many educators believe that expenses for telecommuni- 
cation lines and connect time are prohibitive. More Information about 
their actual cost/benefit ratio and ways to reduce their costs may help 
encourage their future use. 
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Finally, researchers should document the ty|>e of training teachers 
need to in^ileiaent writing instruction that Incorporates technology and 
teachers' esnrgent needs as technology becomes an Integral conponent of 
the written expression curriculuo. 

PeveloDiront: Technoloov-Based Tools for Writing Instruction 

The production and field testing of additional technology-based 
applications and tools that provide procedural facilitation during the 
writing process, consequently teaching written expression skills, is 
recotnended for the research agenda. As discussed above, technological 
tools have considerable potential to not only facilitate students' 
attainment of an outcome, such as a creative and error-free 
composition, but also to provide models for the attainment of that 
outcome that students can utilize in other activities and settings. 
Scardamalia, Berelter, and Steinbach (1984) define procedural 
facilitation as a process in which explicit pron^ts are provided to 
help students adopt the metacognitive strategies used by sophisticated 
writers. Technology-based tools that provide procedural facilitation, 
such as prompted writing activities, writer's aids, and writing 
coaches, may not only help students produce better writing; they also 
may assist students to develop different iwMiels of the writing process. 
Consider outlining programs, which are designed to help writers 
interactively create and revise a written docun»nt. By displaying the 
contents of an outline at different levels of detail, a student may 
obtain d4fferent perspectives on the document, analyze part-whole 
relations, and experiment with alternative organizational schemes (Pea, 
1985). Outlining may then becoii» a strategy that students can apply to 
writing tasks in other settings or to other non-writing tasks that 
require students to organize information. 

One can envision an assortment of tools that would prompt students 
to use mre sophisticated writing strategies. These could range from a 
teacher-generated pra^ted writing task, entered as frozen text in a 
word processing program, to sophisticated, interactive programs that 
analyze students writing and provide on-line suggestions for 
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i^roveaent. Procedural facilitation could also consist of on-line 
writing strategy instruction, such as that provided by Englert et al.'s 
(1988) think sheets or Schwaker et al.'s (1985) error monitoring 
strategy. Principles of cognitive strategy Instruction have yet to be 
widely exploited In technology-based writing programs. 
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in. RESEARCH THEMES FOR A THREE TO EIGHT YEAR AfiENDA 



RecoiSRieiKlatlons for a tiise frame longer than three years are 
centered around two distinct thefl»s. The first, technology and 
probleiiH solving instruction, focuses on ways that technology can be 
used to teach problem-solving skills within specific doisains of 
instruction. The second, technology as distributed cognition, 
addresses ways in which technology can serve as a resource to enhance 
students' cognitive functioning. These two thenes were reserved for 
the second tiaefraroe not because they are less ia^iortant than the first 
two topics, but in anticipation of continuing theoretical and technical 
advances. 

The reader will note that the following two scenarios are briefer 
than the first two. Further8K)re, potential topics and Issues are 
described in less detail and are B»re often highlighted in a list of 
questions rather than explicated through exa^les of extant studies and 
applications, in contrast to the first two scenarios, there is less 
research upon which to base the final scenarios and fewer technology 
applications that can serve as prototypes. Given the rapidly evolving 
theoretical, empirical, and technical work relevant to these two 
theii«s, it is difficult to predict which issues and topics will be most 
important five to ten years from now. Although I believe that the 
issues raised by these themes can be productively explored through some 
combination of research and development efforts, only general then«s 
are delineated. 



Ar Scenario l; Tpchnoloov and Problgm^Solv inQ Instruction 

Almost every discussion of school reform includes proposals to 
teach problem-solving skills to America's students. Effective problem 
solving characterizes the performance of experts in many fields and is 
a high utility behavior that is likely to benefit students throughout 
their lifespan (Boyer, 1983). Depending on one's theoretical orien- 
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tatlon, the tern "problen solving" encoi^asses different behaviors. 
However, most educators agree that proficient problew solvers are adept 
at recognizing or posing problens, using or obtaining relevant 
information in an intelligent manner, allocating cognitive resources, 
and self-i8onitoring the problem-solving process (Brown, 1978; 
Schoenfeld, 1985). 

Although problen solving- skills are widely acknowledged as an 
important goal, there is considerable controversy regarding the manner 
in which they should be taught. The advisability of teaching problem- 
solving skills as a set of general propositions that can be utilized 
across d(»iains versus situating problem- solving instruction within a 
specific djmain is one hotly debated issue (cf. Perkins and Saiofliun, 
1989). Another controversy centers on the amount of external structure 
that should be provided during probl en-solving instruction. Some 
educators advocate an externally-controlled sequence of activities that 
exposes students to progressively more con^ilex tasks. Other educators 
cede control of the instructional environment to the learner, permit 
him/her to explore potential problems and discover their solutions, and 
provide external structure or guidance only as needed (Glaser, 1990). 

Controversies aside, there is general agrees^nt that instruction 
should entail the active application of problem-solving skills in the 
context of specific problems (Glaser, 1990). Students need ample 
opportunity to pose, implement, and observe the outcome of alternative 
problem solutions. Although the relative role of each is widely 
debated, mst researchers would agree that problem solving entails a 
combination of general, heuristic strategies (e.g,. Bransford and 
Stein, 1984), domain- specific strategies (e.g., Gick, 1986), and 
domain-specific knowledge (e.g., Greeno, 1980). Researchers are paying 
increasing attention to the problem of 'inert knowledge' (Whitehead, 
1929), in which learners fail to solve problems because they do not 
realize that their existing knowledge and skills can be appropriately 
applied in a variety of different contexts (Anderson, 1987: Si^n, 
1980). Finally, there is considerable evidence that disabled learners 
are more likely to benefit from problem-solving instruction that 
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Includes the explication and wodeUnq of appropriate strategies 
(Glaser. 1990; Swan and Black. 1987; Woodward and Camlne. 1988). 

Problea-solving and simulation software programs have been 
developed to provide coj^uter-based practice in probleai solving. 
Examination of any coi^uter software catalog will confirm that these 
are popular titles. Problem-solving and simulation activities are 
purported to help students develop a broader and more meaningful 
representation of the problem space and the range of appropriate 
solutions, facilitating the production of mental maps or schemata that 
can guide future problem-solving activities (Gorrell. 1990). However, 
studies of problem-solving and simulation software have produced mixed 
results {Duffleld, 1990; Gorrell » 1990). Rather than developing a 
problem-solving schema. Gorrell (1990) found that positive outcomes 
associated with simulation software were due to practice effects. 
Students learned the concepts they practiced while using the program 
but did not develop an overall problem-solving strategy. These results 
support Woodward and Camine's (1988) contention that simulation and 
problem-solving programs do not necessarily help students Integrate a 
set of Isolated facts into a theory or model of a domain. 

Moreover, disabled and nondlsabled students alike often fall to 
"discover" efficient or effective problem-solving strategies in the 
discovery-oriented approach that characterizes many problem-solving 
software programs. In fact. Duffleld (1990) reports that some of the 
most commonly used problem-solving programs permit students to solve 
problems more quickly and successfully by using less rather than more 
sophisticated strategies. Effective problem-solving and simulation 
software programs often contains considerable learner guidance and 
support, such as elaborated feedback, modeling of explicit strategies 
for solving a simulation, and guided practice (Woodward et al.. 1986; 
1988). 

V1d20d1sc macrocontexts can permit teachers to provide problem- 
solving instruction In problem-oriented contexts that approximate real 
life situations and conditions (The Cognition and Technology Group at 
Vanderbilt, 1990). Problem-solving instruction that is ansllfirfili in 
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realistic problea contexts is purported to help avoid the development 
of inert knowledge by deiw)nst rating that inforaation is relevant to a 
variety of different subjects and situations (Berelter, 1984: 
Bransford and Vye, 1989). Video representations of probleas are 
purported to enable students to form rich mental aodels of problem 
situations (McNamara, Miller, and Bransford, in press). Prelifflinary 
research with a videodisc macrocontext approach at Vanderbilt 
University has produced encouraging results. However, the Vanderbilt 
researchers have noted that students, at least in the initial stages of 
Instruction, require teacher guidance and wediation to successfully 
fomulate and structure problem- solving activities (Van Haneghan et 
al., in press; Young et al., 1990). 

Research: Problem Solvi ng Skills and Instructional Techniques 

At this time, it seems nwst productive to require researchers to 
identify a content-area in which they will study problem solving. 
Although considerable debate still exists regarding the appropriate 
locus of problem- solving instruction, situating problem solving 
research in a particular domain has a few advantages. First, studies 
of technology integration suggest that technology-based problem-solving 
instruction has a higher probability of acceptance if it is aligned 
with an existing curricular area such as mathematics, science, or 
social studies. Second, because students with disabilities often need 
more intensive instruction, special educators are compelled to 
prioritize their educational activities. Problem-solving instruction 
has a greater chance of remaining a component of a student's curriculum 
if it is tied to a content-area subject than if it is viewed as a 
separate activity that competes for time in an already crowded 
curriculum. 

Findings from the studies can improve educational opportunities 
for students with disabilities by generating information about the 
provision of effective problem-solving Instruction in a variety of 
content areas. Although there is a voluminous and continually evolving 
body of research on problem solving, it has yielded few practical 
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guidelines that can assist educators to effectively l^lenent problem- 
solving Instruction as a cosiponent of the curriculum. Formats such as 
videodisc isacrocontexts and simulation software may make It more 
feasible for teachers to deliver effective problem-solving instruction. 
Finally, the ei^irlcal research that the recommended cosset ition would 
support has the potential to significantly advance theories of learning 
and problem solving. To date* most reconaendations for problem-solving 
Instruction have been based on analyses of the skills and behaviors 
exhibited by expert problem solvers ami cannot account for the steps 
that novices must take to becoi^ experts (Glaser, 1990). Instructional 
guidelines that focus on the end performance of experts, rather than 
the acquisition sequence necessary to become an expert, may be mis- 
leading or inefficient. Systematic study of various approaches to 
problem- solving Instruction, such as those supported by this 
competition, would provide researchers with the opportunity to validate 
existing theories of problem solving or develop better ones (Ferretti 
and Belmont, 1983). The following questions are potential topics that 
could be addressed by the reconmended research competition. 

What skills and behaviors constitute effective Droblpm-solvlna 
behavior In a specific domain ? Because it is recoiwiended that 
researchers situate their studies in a particular domain or content- 
area. Initial n*search activities should entail the delineation of the 
skills or behaviors that are necessary to effectively solve problems In 
that domain. As discussed above, analyses of expert performance may be 
misleading, especially if this Is the only information source used to 
identify problem- solving skills and behavior. Woodward et al., (1988) 
recommend that researchers conduct a careful analysis of the content 
domain, with particular attention to the background knowledge required 
to be effective in that domain and how it is sequenced. Additional 
data sources could Include observations and Interviews with students 
who are at various stages of proficiency, teacher interviews, and 
analyses of students' problem-solving products. 

How can students acquire the domain-specific knowledge and 
strategies necessary for effective problem solving? One of the 
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distinguishing characteristics of expert problea solvers, in contrast 
to novices, is their domain-specific knowledge. This knowledge Is the 
foundation upon triilch doiialn-speclflc strategies and schemata are 
built. What Is the niost effective way to Inculcate students with the 
requisite donaln-speclfic knowledge? Extant research In basic skill 
acquisition delineates highly effective Instructional routines for 
helping students practice a prespeclfled set of facts or concepts to 
automatlclty. However, other research suggests that such practice 
leads to the developisent of Inert knowledge (The Cognition and 
Technology Group at Vanderbllt, 1990). How ^ch donaln-speclfic 
knowledge is necessary before students can apply this knowledge to 
problem- solving activities? What are the relative roles of general and 
domain-specific problem solving strategies? How are these strategies 
best acquired? Should they be practiced In highly- structured 
environments as subcomponents or should they be practiced as they are 
embedded In a complete problem-solving task (Glaser, 1990)7 

Hot much structure and guidance should be provided during problem- 
solving Instruction? Although educators disagree about the amount of 
external structure that should be provided during problem- solving 
activities, existing evidence suggests that some guidance and mediation 
from a teacher or external agent is necessary for learners to acquire 
effective problem- solving strategies (Clements, 1986; Delclos, 
Littlefield, and Bransford, 1985; Lehrer, Guckenberg, and Sancillo, 
1988). But how much structure Is optimal at various stages of the 
learning process? At some point, control over the problem-solving 
process must be transferred to the student. At what point should this 
occur? What conditions or features of instruction are necessary to 
ensure that students develop the self-regulatory mechanisms necessary 
for Independent problem solving? 

What types of technnloav-based activities are effective fnr 
supporting and providing instruction in problem-s olving skills ? As 
discussed above, the types of information and Instruction that can be 
provided through computer and videodisc technology may enable educators 
to provide probleiB-solving instruction in new and more efficient w^s. 
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Simulation and problen-solving software programs and videodisc 
fliacrocontexts are two promising exanples. Educators also are 
optlBistic about the parallels between the skills needed to organize, 
maintain, and access databases and those required for effective probleni 
solving (OTA, 1989). A niMiber of questions about the feasibility and 
efficacy of technology>based activities resaln unanswered, however. 
How can technology applications help students acquire the dwaaln- 
specific knowledge they need to beconie proficient problem solvers? 
What types of practice in problem-solving strategies can technology 
provide or facilitate? What types of procedural facilitation could 
technology-based activities provide for learners as they make the 
progression frcHs novice to expert problem solver? Under what 
conditions can technology- based activities help students to acquire 
general izable probl ens solving schemata rather than sets of discrete and 
unconnected facts? 

One of the purported advantages of videodisc technology is its 
ability to provide a rich, realistic environment in which problem 
solving can be situated. What types of environments are optimal for 
problem-solving instruction and how can these be provided or repre- 
sented through technology? Problem-solving and simulation software 
could be a cost-effective way to provide problem- solving instruction. 
Could its efficacy be enhanced through alternative design features or 
teacher mediation? What types of features should be built into 
technology-based problem-solving instruction to enhance the transfer of 
skills and strategies to novel probl^s and contexts? 

How can technoloov-suDPorted problem- sol vino Instruction be 
integrated into content area subjects? The integration of problem- 
solving Instruction with content-area subjects such as mathematics or 
social science makes it feasible for problem-solving activities to 
become an Integral part of the curriculum. In fact, problem-solving 
instruction has the potential to transform content-area instruction 
from a focus on facts pertinent to discrete domains to the 
investigation of problems that cut across domains. Technology- 
supported problem-solving instruction offers promise for enhancing 
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collaborative learning and authentic activity in the classrocHi, 
mirroring the types of activities that students will engage in as 
independent citizens and adult workers (Brown, 1990; The Cognition and 
Technology Group at Vanderbilt, 1990). However, little is known about 
the conditions under which probl en-solving Instruction can be 
integrated into the curr1culi«i; particularly i^en teachers face severe 
tine and resource constraints and are held accountable for standardized 
achievement test scores. Systenatic and extended examination of 
technology-supported probl en-solving Instruction as it occurs in 
classrooa settings is needed to delineate the factors that facilitate 
its integration and efficacy. Issues such as hardware and software 
requirements and costs, coropatibillty with curricular or individual 
goals, administrative and technical support, and teacher preparation 
warrant investigation. 

How should Droblem-solvlna instruction be structured to facilitate 
transfer of knowledge rnd skills ? The Issue of transfer Is at the 
heart of problem solving research. If students can solve only the 
problems they have encountered during Instruction, problem-solving 
activities have limited utility. Generalization of knowledge and 
skills to new problems and varied contexts is the ultimate goal of 
problem- solving instruction. Extant research indicates that problem- 
solving instruction is often successful in obtaining near transfer , in 
which students are able to transfer their expertise to new problems 
that are similar to the ones they have practiced. Far transfer , in 
which students utilize their skills and expertise in new problem- 
solving domains or on problems that have different characteristics, is 
dependent on the development of a mental map or schema that students 
can "transport" from one context to another (Salomon and Perkins, 
198C). Far transfer is difficult to obtain, particularly for student 
with disabilities (Burton and Nagllaro, 1987-88; Ferretti and Belmont, 
1983). As discussed earlier, whereas problem-solving and simulation 
software is purported to help students achieve far transfer, Gorrell's 
(1990) research suggests otherwise. Under what conditions can problem- 
solving Instruction facilitate far transfer? For students with 



46 



« 



E-45 

disabilities, the asount of external structure and guidance provided 
may be critical for developing schemata. Moreover, extensive aiiounts 
of practice may be necessary to develop both near and far transfer. In 
fact, sone researchers attribute the dlsaal results obtained In 
problen-solvlng studies to their short-tens nature (Paluabo, 1990). 
How iBuch practice or experience do students require to transfer skills 
from one context to another? 

Even If students have develops J the structures necessary to 
achieve far transfer, they siay not do so because they fall to retrieve 
the appropriate Information or strategies In a given situation. As 
discussed earlier, further research is needed that Investigates how 
problem-solving environments and activities can help students avoid 
accumulating knowledge that will remain inert. To date, this research 
has focused primarily on the Incorporation of videodisc environments. 
What characteristics of these environments account for their 
advantages? Does their multl sensory nature provide multiple retrieval 
paths or are students mre motivated to attend to the novel 
instructional fomat they represent? The Vanderbilt researchers 
describe macrocontexts as realistic and cos^lex environments. From a 
students' perspective, what constitutes a realistic environment? How 
much complexity is optimal and how much is overwhelming? 

How should the imoact of problem- sol vino instruction be measured? 
Problem- solving skills do not lend themselves to the traditional 
psychometric iraasures used to evaluate achleveirant in other domains. 
Researchers must devise new ways to measure not only how well students 
have learned a particular task but also whether they can appropriately 
apply information and strategies to new settings and situations. 
Gaining access to students' strategies and schemata poses formidable 
challenges, particularly when the verbal protocol methods often used in 
problem-solving research may be Inappropriate for students with expres- 
sive language disabilities. Researchers also may wish to pay im>re 
attention to the effects of problem-solving Instruction on student 
variables such as self-efficacy, attitudes toward specific instruc- 
tional domains, or willingness to participate in classroom activities. 
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The development and validation of appropriate and reliable neasures of 
the intact of problem-solving instruction requires concerted attention. 
Technology represents a viable laedliua for presenting new problen 
situations and analyzing patterns of student responses; thus, it way 
assist researchers in their quest for appropriate and sensitive 
measurement strategies. 
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6t Scenario Two: Technology as Distributed Coonitinn 



Rather than viening intelligence as an entity that resides solely 
in the isind of an individual, many contei^rary views of teaching and 
learning conceptualize intelligence as distributed across the indivi- 
dual and his/her environii»nt (Pea. in press). Intelligent behavior is 
a function not only of a person's own capabilities but also of his/her 
interaction with others and with the tools available to him/her. 
Perkins (1990) refers to the physical ard social resources that lie 
outside the individual but participate in cognitive activity as the 
surround . 

Theories of distributed intelligence are consistent with many of 
the practices in which special educators engage. Modifications to the 
instructional environ^nt to accomsodate an individual learner's 
characteristics, characteristic of many lEP recoawendations, are 
attempts to facilitate intelligent behavior by enhancing the surround. 
Providing a student with math facts tables that can be used during math 
tests or teaching a student how to list his/her homework on an 
assignn^nt sheet at the end of each class period are examples of 
interventions that enhance the surround and consequently facilitate 
more intelligent behavior. 

Many assistive technology devices function as tools that enhance 
human cognition by improving the learner's surround. To date, however, 
instructional technology has tended to focus on the learner him/ 
herself, rather than the surround. Instructional technology 
applications, including most CAI programs, are designed to help 
learners acquire information in a more efficient or effective manner. 
They focus on getting information Mn the learner's head, rather than 
on how that information might be represented in tools to which the 
learner has access. Advances in hardware and software development 
provide a fortuitous opportunity to devote more attention to the use of 
instructional technology as a resource for distributed cognition. 

Technological devices including computers, video cameras, VCRs, 
TVs, phones, and fax machines continue to become smaller without 
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sacrificing their power or sophistication. Functions that were once 
relegated to separate devices are now confined in all-purpose 
appliances (D'Ignazio, 1990). The current obsession with graphical- 
user interfaces is a harbinger of technology systens that are more 
transparent and easier to use (Colvin, 1990). With the decreasing 
costs of mass-storage devices such as CO-RON and hard drives, n»re 
information can be stored at less expense (Edybum, 1990). These 
factors can make technology Riore accessible in a wider variety of 
settings for a wider variety of purposes that support huoan cognition. 

Increasingly, we rely on technological tools to help us function 
in more intelligent ways. For centuries, external aids such as 
appointment calendars and address books . ^ive enabled us to record and 
retrieve information that would exceed our own memory capacities. 
Technological tools such as electronic organizers now permit us to 
place calendars, schedules, addresses, and reminders in one device, 
easing not only the weight of a purse or suit pocket but also facili- 
tating retrieval of important personal information. Manufacturers now 
produce software cards that equip electronic organizers to keep track 
of expenses, co^ute scientific equations, and translate languages. 
Technological devices such as these can play an extremely important 
role in the day-to-day activities of students with disabilities. They 
can circumvent memory limitations, supply important background 
information, facilitate self-monitoring and goal setting, and support 
students in their efforts to organize and schedule their activities. 
By embodying the tools and knowledge that we need to function success- 
fully in varying environnffints, these devices have the potential to help 
all of us behave in more Intelligent ways. 

Development and Evaluation of Technological Tools 
to Support Coonitive Activities 

In order for technology to live up to this potential, however, 

there are a number of important issues that warrant explication. 

Returning to the view of cognition as distributed, and technology as 

one of the resources that supports intelligent behavior, a number of 
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Interesting questions oiust be ansifered about how knowledge can best be 
represented and accessed In technological devices. The deve1o{^.nt and 
evaluation of new technological devices or applications that support 
cognitive activities 1$ reccmnded for a research agenda. Foraatlve 
evaluation of these devices, or knowledge svsteas . should be a 
substantial coi^nent for develo{»ient activities. One Issue of 
particular concern should be the proble«s posed by miniaturization; 
although siaaller devices are more portable, they nay unduly restrictive 
for students with sensory or physical disabilities (Edyburn, 1990). 
Moreover, sufficient resources should be available to enable developers 
to examine how these knowledge systens are used In the environments for 
which they are intended. 

Questions delineated below could provide technological tools that 
would CMipensate for students' disabilities and enable then to function 
In more Intelligent and adaptive ways. If students can have ready 
access through technology to content area knowledge and procedures, 
educators can spend less time Inculcating factual Information and more 
tinne addressing higher-order skills. Students with disabilities can 
participate effectively in a wider range of educational and vocational 
environments and derive more benefit from the opportunities these 
environments offer. In fact, the knowledge systems developed may aid a 
broad cross-section of individuals. Including educationally disadvan- 
taged students and the elderly. By appealing to a broader audience, a 
systea could be marketed at lower cost and thus be more feasibly 
supplied to any student rhom it would benefit. 

»(hat kind of knowledge should be represented in technology-based 
systems? Developers must consider the type of knowledge needed to 
perform a specific task or to function in a particular environment and 
how this knowledge should be represented. It would be inadvisable to 
situate all knowledge in technology-based systems. Devices fail, and 
students may not always have access to a particular system. Moreover, 
some knowledge is more efficiently represented in person's head. The 
best spell -checking program appears cumbersome and sluggish when 
compared to a proficient speller's retrieval of a word's correct 
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spelling. Technology has yet to approxioate the efficiency and 
reliability with which humans can access the decoding rules and 
spelling patterns they have autoiaatlzed. Peridns (1990) recoasends 
that higher-order knowledge that is used repeatedly, such as do«a in- 
specific problem-solving strategies and patterns of inquiry that 
characterize a donain, should reside in the learner rather than 
technology-based devices. 

However, other types of knowledge may be »ost efficiently 
represented in technology-based systens. The electronic organizer 
described above could constitute a personal knowledge system that 
enables a student to store personal inforsiation such as hone address 
and phone nuB*er, class schedule, and homework reminders (Edyburn, 
1990). Hirsch (1987) championed the concept of "cultural literacy;" a 
corpus of shared cultuicl information that can facilitate literacy and 
promote effective comnunication. He has published a list of 5,000 
names, dates, terms, and concepts, of which he recommends students have 
at least some superficial knowledge. Facts and concepts such as those 
contained in Hirsch's list are candidates for a general informatifln 
knowledge system that could enhance students* reading comprehension. 
Disciplines such as science or mathematics have their own specialized 
set of concepts and vocabulary that could be situated in content-area 
knowledge systems. These systems could aid students with reading or 
vocabulary disabilities, experiential deficits, and/or memory 
limitations. As Edyburn (1990) points out, personal, general, and 
content-area knowledge systems cannot remain static but must 
accommodate updates and modifications to their knowledge bases. 

A variety of other systems could be developed that would 
contribute to intelligent functioning in specific settings or 
activities. One can envision expert systems that analyze information 
to help students make decisions or procedural supports to assist 
students with problem-solving tasks and strategic behavior. These 
examples only hint at the potential resources that could be available 
to learners through technology-based systems. 
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How can knowlcdoe be reorescnted so that it is ootlBanv useful 
for a learner ? The manner in which knowledge is represented in a 
technology-based systeoi can facilitate the ease with which it is 
retrieved, the efficacy with which it is used, and ultinately, the 
contribution it makes to a learner's understanding or skills. If a 
student cannot easily access the knowledge contained In a systen, then 
it will not be used to its full potential. Sophisticated word 
processing systems provide a relevant exai^le. The majority of users 
take advantage of only a fraction of the features that these programs 
contain. Undoubtedly, sons features such as outlining, concordance 
generation, or mail merge, are not essential to the basic writing tasks 
that comprise most word processing use. However, many features are 
never accessed because users cannot rei^mber how to invoke them or find 
them difficult to use. Other potentially useful features remain 
dormant because users do not realize how helpful they could be. Often, 
these features are represented or documented in a way that obscures 
their applicability to a particular situation or context. Developers 
of technology-based knowledge systems must consider how knowledge can 
be represented so that learners can both appreciate its uses and easily 
retrieve It on command. 

An additional Issue for consideration is the manner in which 
knowledge representation can contribute to a students' ultimate 
understanding of a task or domain. Representations such as concept 
maps may help a learner discern relationships among main ideas and 
details in a text. Graphs can assist learner: to perceive mathematical 
relationships or patterns among different data sources. Non-disabled 
learners are more adept at representing knowledge in ways that 
facilitate their understanding and subsequent recall than are learners 
with disabilities, who often need assistance in developing appropriate 
and optimal representations (Gertner and Stevens, 1983; Mayer, 1989; 
Perkins and Unger, 1989). Multia^dia technology may offer a rich 
source of multiple representations that can facilitate students' 
understanding and achievement. 
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What tvpg of instruction has to be provided In conjunction with 
knowledge systems to ensure their optlBial use? If students are to 
benefit frosi the opportunities that are afforded by technology-based 
knowledge syst^ss, they will need instruction in their use. Students 
may need enabling skills, such as keyboard Ing facility or kn«*ledge of 
hardware operation, to use these devices. Uhat enabling skills are 
required and how can they be taught? Undoubtedly, most knowledge 
sy steals will assui^ that learners have soise level of prerequisite 
knowledge or experience with the dmiain or environaent in which they 
will be used. What are these prerequisites and, if a learner lacks 
them, how can they be acquired? As discussed above, learners nay not 
take advantage of all a system's features because they don't realize 
how these features apply to a particular situation or task. How can 
teachers "lead students to the opportunities" that technology as 
distributed cognition can provide (Perkins, 1990)7 

Another set of questions relates to how students can be taught to 
provide theisselves with the optiinal surround. In the technology-rich 
world of the future, students nay be required to make decisions about 
which technology system to use and how to modify It to meet individual 
needs or the demands of a situation. Students also will need to decide 
when other resources. Including teachers, peers, and print materials, 
are more advantageous than technology-based systems. How can teachers 
and perhaps knowledge systems themselves teach students to make these 
decisions autonomously? 

What impact do te chnology-base d knowledge systems have on student 
achievement, attitudes, and independent functioning ? A broad range of 
tools and applications could be developed through the proposed 
competition. Consequently, these systems could produce a variety of 
student outcomes. Developers must delineate dependent variables that 
are appropriate to the purposes of a system and the environment In 
which It will be used. It seems reasonable to expect that "successful 
functioning" within a domain or environment would be a primary 
dependent measure in most efforts. Successful functioning could be 
defined as academic achlevmnt. Increased self-monitorlr^, or enhanced 
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acceptance by peers, depending on the purposes for developing and 
impleiinntlng a particular systesi. Atten^ts should be made to co^are 
the degree to which students can function successfully with and without 
the knowledge systesi. 

Other outcomes that warrant exaai nation would most likely Include 
students* attitudes, students* pei^^ptlons of a knowledge systwi, and 
students' beliefs about their self -efficacy with and without the 
knowledge system. Finally, in cases where a knowledge syst^ say 
subsequently be used a cognitive tool, developers should examine how 
the procedures or knowledge esdiodied in the device are generalized to 
other circumstances and tasks. 

What Iffioact do technology-base d systems have on teaching and 
learning ? The concept of distributed cognition Introduces subtle but 
profound changes In traditional views of the teaching and learning 
process. Although the Idea of providing technology to facilitate 
students' achievement and Independent functioning hardly seems 
controversial, most special educators can tell stories of elementary 
school teachers who refuse to let students use calculators during math 
tests or Mgh school teachers who do not permit students to use 
portable spell checkers In composition class. Rather than bearing Ill- 
will toward students with disabilities, some classroom teachers fear 
that technological tools will be used as a "crutch", preventing 
students from mastering knowledge that teachers perceive to be 
legitimate and Important. Under what conditions will teachers accept 
the use of technology-based knowledge systems in the classroom? In 
what ways will teachers change their instruction when learners have 
access to these systems? What opportunities do students have while 
using these systems that they did not have prior to their availability? 

The students' role In the Instructional process also imjst be 
considered. Under what conditions will students want to use these 
systems? In particular. If utilization of technology-based knowledge 
systems differentiates disabled from non-disabled students, will 
students want to use these devices and will they do so effectively? 
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Hw win use affect their self-esteew, peer acceptance, and their 
teachers* perceptions of their capabilities? 

/ -.scussed earlier, technology not only changes the environfflent 
into irtiich it is Introduced, the envlrorawnt changes technology as 
teachers and students appropriate it to their oun goals (Newwan, 1989). 
In what unanticipated ways are technology-based knowledge systems used 
in classroom settings? Do learners and teachers come to view these 
systens differently fros the developer's Initial intentions? Questions 
about the in^iCt of the environnent on the use of technology-based 
learning systeas can only be answered through extended observation of 
the ways in which these tools are put to use in actual classroom 
settings over time. 



E-S5 

ACKt«MLEI»EMENTS 



I am grateful to Al Cavalier for his ideas on speech synthesis and 
co<q}ensatory technology, Ralph Ferretti for his conversations about 
problea solving, and Dave Edybum for his visions of technology-based 
knowledge syst«as. I an solely responsible, hoiffiver, for any over- 
simplifications or misinterpretations of the theory and research 
regarding these topics as presented in this paper. 



ERJ.C 



57 



E-56 
RE FEREMCES 



ERIC 



Araarel, M., "The Classroom: An Instructional Setting for Teachers, 
Students, and the Coi^uter," in A. C. Wilkson (Ed.). Classroom 
Computers and Coonltive Science. New York Academic Press, 1983, 15-29. 

Anderson, J.R., "Skill Acquisition: Compilation of Weak-Hethod 
Problem Solutions," Psvcholoolcal Review. 1987, 94:192-210. 

Anderson, R.C., E.H. Hiebert, J.A. Scott, and I.A.G. Wilkinson, 
ggCPminq a Nation of Readers: The Report of the C ommission on Peadino . 
The National Institute of Education, Washington, D. C, 1985. 

Apple, M.W. and S. Jungck, "You Iton't Have to be a Teacher to Teach 
This Unit: Teaching Technology, and Gender in the Classrucmi," 
American Educational Research Journal. 1990, 27:227-251. 

Barbour, A., "Electronic Learning's First Annual Computer Coordinator 
Survey: Who Are the Nation's Cos^uter Coordinators and What Do They 
Dc?," Electronic learninn, 1986, 5:(5):35-38. 

Beck, I.L., M.G. McKeown, and S.F. Roth, Word Wise I. II. and HI : 
g?tter Comprehension Through Vocabulary [coa^uter program], OLN, Allen, 
Tex., 1987. 

.. School Use s of Microcomputers (Issue No. 1), ohns 

Hopkins University, Center for Social Organization of Schools, 
Baltimore, Md., April 1983. 

^ » The Second National U.S. School Uses o f Microcomputers 

Siirm, paper presented at the World Conference on Computers in 
Education, Norfolk, Va., July 1985. 

r -^-rFT-TTTT' "^^^ Importance of a Methodology That Maximizes 

oflflllr^^V- 5^? '^fSli^^J!**?.^^ Research About Logo," Educational 
Researches. June-July 1987, 11-16. 

_ CpffiPMter Use in United States Schools: 1989. An Initial 

Repprt pf Participation in the l.F.A. Computers in Fducatinn 

moiSlf paper presented at the Annual Meeting of the American 
Educational Research Association, Boston, Mass., April 1990a. 

■■ - : Effects of Computer Use on Mathematics Achievementr 
F nqinqs frP» a Nationwide Field Experiment In firad e Five to Eight 
vlasw, paper presented at the Annual Meeting of the American 
Educational Research Association, Boston, Mass., April 1990b. 

„ and C.W. Sterling, "Equity In School Computer Use: 

National Data and Neglected Considerations," Journal of Educational 
Comoutlno flesearrl^^ 1987, 3:289-311. 



I 



4 



E-57 

BereUer, C. "How to Keep Thinking Skills fn^ Going the Way of All 
Frills," Educational LMdnrj^hHp. 1984, 42:75-77. 

Boyer, E.L., High School: A Reoort on Secondary Education in 
^rlM» Harper & Rom, ffew York, 1983. 

Bransford. J.D. and B.S. Stein, The Ideal Problea Solver. W. H. 
Freednan and Cowpany, New York, N.Y., 1984. 

Brandsford, J.D. and N.J. Vye, "Helping Students Learn How to Learn 
froa Written Texts," in M. Singer (ed.), Ccwmetent Rea der. Disabled 
Reader: Research and A pplication . Lawrence Erlbaun, Hillsdale, N.J., 
1982. 

Bransford, J.D. and N.J. Vye, "A Perspective on Cognitive Research 
and its Implications for Instruction," in L. Resnick and L. Klopfer 
l?!*?.'^: J*^^^^ Thinking Curriculum: Current Cognitive Research , 
ASCD, Alexandria, Va., 1989, 173-205. 

Brown, A.L., "Knowing How, When, Where, and How to Remenber: A 
Problem of Metacognition," in R. Glaser (ed.). Advances in 
Instructional Psvcholfmv. Lawrence Erlbaum Associates, Inc., Hillsdale, 
N.J., 1978, 1:77-165. 

^. » Distributed Expertise in the Classroom , paper presented at 

the Annual Heeting of the American Educational Research Association, 
Boston, Mass., March 1990. 

, and A.S. Palinscar, "Inducing Strategic Learning From Text 

by Means of Informed, Self-Control Training." Tonics in Learning and 
Learning Disabi^niffff, 1982. 2:1-17. .^.^..^.....^.....^...^^ 

__t ^n press, "Reciprocal Teaching of Comprehension 

Strategies: A Natural History of One Program for Enhancing Learning," 
in J. Borkowski and J.D. Day (eds.). Intelligence and Cognition in 

COffiyarative Studies of Giftedness. Mental 
Retardation, and Learning Disabilities. Ablex, New York. 

Burton, J.K. and S. Magliaro, "Comruter Programming and Generalized 

^^^^^ Direction," Computers in the 
?CnPQ]s, 1987-88, 4:(3/4):63-90. 

.3t['J'/' '/Prmat lye Research in the Develoomgnt of Mathemati« 
Software for Youno Ch^^ijy^p, paper presented at the Annual Meeting of 
the American Educational Research Association, San Francisco, Calif., 
March 1989. 

Clark, F.L., D.D. Deshler, J.B. Schumaker, and G.R. Alley, "Visual 
imagery and Self-Questioning: Strategies to Is^rove Comprehension of 
Written Materials." Journal of ii»arn1no Disabilities. 1984, 17:145-149. 



ERIC 



59 



E-58 

Clark. R.E., -Confounding In Educational Ci^ting Research," sIfiMimL 
of Educationa l Coamutlna Research, 1985, 1: (2): 137-148. 

Cle^nts, D.H., "Effects of Logo and CAI Environnents on Cognition 
and Creativity," Journal of Ed ucational Psychology, 1986, 78:309-318. 

Cochran-Snilth, M., J. Kahn, and C.L. Paris, Writino With a Felicitous 
Tool , paper presented at the Annual Meeting of the American Educational 
Research Association, San Francisco, Calif., March 1989. 

The Cognition and Technology Group at Vanderbllt, "Anchored 
Instruction and Its Relationship to Situated Cognition," M«CitiQnal 
Researcher . 1990, 19:(S):Z-10. 

Cohen, O.K., "Educational Technology, Policy, and Practice," 
Educational Evaluation and Policy Analysis. 1987, 9: (2): 153-170. 

Cohen, A.L., J.K.. Torgesen, and J.L. Torgesen. "Improving Speed and 
Accuracy of Word Recognition in Reading Disabled Children: An 
Evaluation of Two Coaputer Program Variations," ImnlPg PUai?iiny 
Quarterly . 1988, 11:333-341. 

Colvin, L.B., "An Overview of U.S. Trends in Educational Software 
Design." The Computino Teacher. 1989, 16:(5):24-28. 

Cosden, H.A., "Microcomputer Instruction and Perceptions of 
Effectiveness by Special and Regular Elewentary School Teachers," 
Journal of Special Education. 1988, 22:242-252. 

Cuban, L.. Teachers and Machines: The Classroom Use of Technology 
Since 1920 . 1986, Teachers College Press, New York. 

D'ignazio, F., "Restructuring Knowledge: Opportunities for Classroom 
Learning in the 1990s," The Computing Teacher . 1990, 18:(l):22-25. 

Daiute, C, "Physical and Cognitive Factors in Revising: Insights 
From Studies With Computers," Research in Teaching of English. 1986a, 
20:141-159. 

. "Do 1 and 1 Make 27: Patterns of Influence by Collaborative 
Authors," Written Communication. 1986b, 3:382-408. 

and B. Dalton, "'Let's Brighten it Up a Bit': Collaboration 

and Cognition in Writing," in B. Ralfoth and D.L. Rubin (eds.), JM 
Social Construction of Wr ittpn Communication. Ablex, Norwood. N.J., 
1988. 

Dal by, J. and M.C. Linn, "The Deisands and Requirements of Coo^uter 
Programing: A Review of the Literature," Journal of Educational 
Computing Research , 1985, 1:253-274. 



E-59 

Oalton, B., Current Research In Content Software: Tools, paper 
presented at the 1989 Invitational Sy^siira Mvancing the Use of 
Technology: The Research/Practice Connection, Washington, D.C., June 
1989. 

Delclos. V.R., J. Littlefield, and J.D. Bransford, "Teaching Thinking 
Skills Through Logo: The Iniportance of Method," Roeoer Review . 1985, 
7:153-156. 

Deshler, D.O., and J.B. Schuaaker, "Learning Strategies: An 
Instructional Alternative for Lo*f-Achieving Adolescents," Exceptional 
Children . 1986, 52:583-590. 

Drexler. N.G., G. Harvey, and D. Kell. Student and T eacher Success - 
Ifroact of Coaiouters in Priaarv Grades, paper presented at the Annual 
Meeting of the Ai^rican Educational Research Association, Boston, 
Mass., April 1990. 

Duffleld, J.A.. Problem Solvlno Software: What Docs It Tpa<;|^?. paper 
presented at the Annual Meeting of the Ai^rican Educational Research 
Association. Boston Mass., April 1990. 

Educational Testing Service, The ETS Evalu ation of Writing to Rpad . 
(executive suiaraary). Author. Princeton, N.J., July 1984. 

Edyburn, D.. Issues Regarding the DeveloP8»nt of Informatinn 
Knowledge Systems for Sttiriiint<, iggo. unpublished manuscript. 

Englert, C.S.. T.E. Raphael, and L.M. Anderson. Metacoonitive 
Knowledge and Writing Skills of Uooer Elementary and Students with 
Special Weeds ; Extensions of Text S t r ucture Research , paper presented 
at the National Reading Conference, Austin. Tex.. December 1986. 

Englert. C.S., H.M. Anthony, K.L. Fear, and S.L. Gregg. "A Case for 
Writing Intervention: Strategies for Writing Informational Text." 
Learning Disabilities Focus. 1988, 3:98-113. 

Englert. C.S., and C.C. Thomas. "Sensitivity to Text Structure in 
Reading and Writing: A Comparison Between Learning Disabled and Non- 

Students." Learning Disa bility Quarterly . 1987, 

Ferretti. R.P.. and J.M. Belmont, "Intelligence, Adaption, and 
Problen Solving," In K.T. Keman, M.J. 8egab, and R.B.I Edgerton 
(eds.). EnVlrpnfflentS and Behavior: The Adaption of Mentally Retarded 
Esnani, university Park Press, Baltimore, Md., 1983 , 55-69. 

Forsyth, A.S., and D.F. Lancy, "Simulated Travel and Place Location 
Learning in a Coo^uter Adventure Game," Journal of Educational 
Computing Research 1987, 3:337-394. 



61 



ERIC 



E-60 

Fuchs, L.S., C.L. Hanlett, D. Fuchs, P.N. Stecker, and C. Ferguson, 
"'Conducting Currlculua-Based Neasurenent With C«»^v'*-er1zed Data 
Collection: Effects on Efficiency and Teacher Satisfaction," Journal 
of Special education Techtioloav. 1988. 9:73-86. 

Gardner, J.E. and P. Bates, Attitudes and Attributions of Educable 
HentallY Handlcaooed Students on Use of Microcmuters In School, 
isanuscrlpt subultted for publication, 1989. 

Gertner, D. and A.L. Stevens (eds.), Kental Models. Erlbauw, 
Hillsdale, N.J., 1983. 

"Problem-Solving Strategies," Educational Psvcholoolst , 
1986, 21:99-120. 

Glaser, R., "The Reetmrgence of learning Theory Within Instructional 
Research," American Psvcholoolst. 1990, 45:(l):29-39. 

Goldaan, S.R. and 0. Pellegrino, "Inforaatlon Processing and 
Educational Mlcvocon^uter Technology: Where Do We Go From Here?," 
Journal of i earning Disabilities. 1987. 20:144-154. 

Gorrell, J., OutcoiMS of Using Computer Simulations: Schema 
Developwent or Practice Effects?, paper presented at the Annual Heeting 
of the American Educational Research Association, Boston, Hass., April 
1990. 

Grabe, H. and M. Dosnann, "The Potential of Adventure Games for the 
Development of Reading and Study Skills," Journal of Comouter-Basei^ 
Instruction. 1988, 15:72-77. 

Graham, S. and K.R. Harris, "Instructional Recoai^ndatlons for 
J|fching^Wr1t1ng to Exceptional Students," Exceptional Children. 1988, 

_ and C. MacArthur, I^rovlno Learning Disabled Students* 

>K11IS jt Revising Essays Produced on a Word Processor: Self- 
Instnictlonal Strat^v Training^ 1987, manuscript submitted for 
publication. 

Greeno, J.6., "Trends In the Theory of Knowledge for Problem 
Solving," in D.T. Tuma and F. Relf (eds.). Problem Solving and 
Education: Issues it^ Tflachino and Research. Lawrence Erlbaum 
Associates, Hillsdale, N.J., 1980, 9-24. 

B !!??®C' D'» Microcomputer Resource Book for Special Education. Reston 
Publishing, Reston, Va., 198^. 

Hanley, T.V., L.S. Clark, and J.L. White, Mlcrocoimuters in Special 
Education: Findings Recoanendat ions from Case Studies , paper 
presented at the Annual CEC Convention, Washington, D.C., 1984. 



(;2 



E-61 

Harvey. G., 0. Kell, and N.G. Drexler, Iffiplementino Technoloov in thi> 
Classroffli; Paths to Success and Failure, paper presents at the Annual 
Meeting of the Aserican Educational Research Association, Boston. 
Mass., April 1990. 

Hass. J.M.. The Discourse of Educational Coimuting. paper presented 
at the Annual ^ting of the American Educational Research Association, 
Boston, Mass., April 1990. 

Hasselbring, T.S., I. I. Goin. and J.D. Bransford, "Iteveloping 
Autoiaaticity.'' Teaching Exceptional Children. 1987, 19: (3) :30-33. 

Hasselbring, T.S., and C. Wissick, "Making Knowledge Meaningful: 
?S2« Hypermedia," Journal of Special Educati on Technoloov . 

1989, 10:61-72. 

Hativa, N., "Coaputer-Based Drill and Practice in Arithnwtic: 
Widening the Gap Between High- and Low-Achieving Students," American 
Educational Research Jnurna^^ 1988, 25:366-397. 

and A. Lesgold, Corouterized Management of Practice - Can it 
Adaoi^to the Individual itfafngr^. paper presented at the Annual 
Fteeting of the AB»rican Educational Research Association, Boston, 
Mass.. April 1990. 

Hativa. H R. Shapira, and D. Navon, Computer^Mana qed Practice 
EffgCtS ■ Effects on Instructional Methods and on T e acher Adoption , 
paper presented at the Annual Meeting of the American Educational 
Research Association, San Francisco, Calif., Merch 1989. 

Hawisher, G.E.. "Studies In Word Processing," Computers and 
Comoosition. 1986, 4:6-31. 

Haynes. J.A., B. Kaplnus, D.B., Malouf, and C.A. MacArthur, Effect of 
m Qn Disabled Readers' Metacoanitio n and Learning of New Words . 
(Tech. Rep. No. 101, USED Grant No. G008302828), University of 
Maryland, Institute for the Study of Exceptional Children, College 
Park, Md., 1984. ^ 

- "5^?"; i'}'^ '^^^Jj^tlJ^J^^^^^T' Teachers'. Administrators', and 
StMdentS' Views of the Effects of ACQT. paper presented at the Annual 
Meeting of the An»rican Educational Research Association, New Orleans, 
La., March 1988. 

c♦"i?^"^• ^' S"** ?• ^?"*' Hypertext CAIr Maintainino Handicapped 
StydgntS in a Regular Classroom Readi ng Program , (year 1 monograph), 
yj^jersity of Washington, Experiirental Education Unit, Seattle, Wash., 

Cultural Literacy. Houghton Mifflin, New York, N.Y., 

1987. 



r,3 



ERIC 



E-62 

Hofoilster, A.N. and R.J. Thorklldsen, "Videodisc Levels: A Case 
Study In Hardware Obsession." Journal of Special Education Technoloov . 
1989, 10:73-79. 

Hoover, J., J. Relchle, 0. Van Tassel, and 0. Cole, "The 
Intelligibility of Synthesized Speech: Echo 11 Versus Votrax," Journal 
of Speech and Hearing Research. 1987, 30:425-431. 

Isaacson, S., "Role of Secretary vs. Author: Resolving the Conflict 
in Writing Instruction," Leamino DisabllUv Quarterly. 1989, 12:209- 
217. 

Jay, T.B., "CcH^uterphobla: What to Do About It," Educational 
Technology . 1981, xx: 47-48. 

Johanson, R.P., "Co^uters, Cognition, and Curriculum: Retrospect 
and Prospect," Journal of Educational Con^utlno Research. 1988, 4:1-25. 

Jones, K.N., J.K. Torgesen, and N.A. Sexton, "Using Computer Guided 
Practice to Increase Decoding Fluency In Learning Disabled Children: A 
Study Using the Hint and Hunt I Program," Journal of Learning 
Disabilities . 1987, 20:122-128. 

Kerr, S.T., Technology: Education: Justice; Care or Thoughts on 
Reading Ca rol Gllllgan . paper presented at the Annual Meeting of the 
American Educational Research Association, Boston, Nass., April 1990. 

Krendl, K.A., "Media Influence on Learning: Examining the Role of 
Preconceptions," Educational ComBWinlcatlon and Technology Journal. 
1986, 34:(4):207-222. 

Laboratory of Comparative Human Culture, "Kids and Computers: A 
Positive Vision of the Future." Harvard Educational Review. 1989. 
59:73-86. 

LaFrenz, D. and J. Friedman, "Coi^uters Don't Change Education, 
Teachers Dol," 1989, 59:222-225. 

Lamport, N.. Teachers* Thinking About Students's Thinking About, 
(tech. rep. no. TR88-1), Harvard Graduate School of Education, 
Educational Technology Center, 1988. 

Lehrer, R., T. Guckenberg, and L. Sanclllo, "Influences of Logo on 
Children's Intellectual Development," In R.E. Mayer (ed.), Teach Ifio and 
Learning Computer Programming: Multiple Research Perspectives. 
Erlbaum, Hillsdale, N.J., 1988, 75-110. 

Lenz, B.K., J.B. Schumaker, and O.D. Deshler, (In press). Learning 
Strategies Curriculum! The Interoretlng Visual Aids Strategy . 
University of Kansas, Lawrence, Kans. 



04 

ERIC 



E-63 

Lepper. M.R. and T.U. Nalone, "Intrinsic Hotlvatlon and Instructional 
Effectiveness in Con^uter-Based Education,' In R.E. Snow and M.J. Farr. 
Aptitude. Leamlno. and Instruction. Vol 3: Conatlve and Affective 
Process Analyses . Lawrence Erlbaias, Hillsdale, N.J., 1987, 255-286. 

Lesgold, A.M., "A Rationale for CoR^uter-Sased Reading Instruction," 
In A.C. Wilkinson (ed.), Classrot^ Co fl>f>uters and Cognitive Science. 
Academic Press, New York, 1983. 167-181. 

Lewis, R.B., S.J. Dell, E.U. Lynch, P. J. Harrison, and F. Saba, 
Special Education Technology In Action: Teachers Soeak Out. San 01 ego 
State University, Departient of Special Education, San Dleoo, Calif., 
July 1987. 

Lleber, J. and H. Cosden, "Co^uter Laboratory Specialists In 
Eleaentary Schools." Journal of Research on Coamutlno In Fducatlon. 
1989. 1:(1):3-13. 

MacArthur, C.A. and 8. Schnelderwan, Learning Disabled Students' 
Difficulties In Learning to Use a Word Processor: Implications for 
Design, (tech. rep 103), University of Maryland, Institute for the 
Study of Exceptional Children and Youth, College Park. Hd.. 1984. 

Maddux, CD., "Research and the State of the Art In Educational 
Computing," Computers in the Schools . Fall 1988. xx. 

Malouf, D.. "The Effect of Instructional Computer Gaims on Continuing 
Student Motivation." Journal of Special Education. 1987-88. 21:27-38. 

Macro Systems, Inc., Executive Summary. Evaluation of th e Integration 
of Technology for Instructing Handicapped Students (High School LeveU. 
(contract no. 300-86-0126), November 1989. 

Majsterek, D. and R. Wilson, "Computer-Assisted Instruction for 
Students with Learning Oisabilitles: Considerations for 
Practitioners," Learning Disabilities Focus. 1989, 5:18-27. 

Mayer. R.E.. "Models for Understanding," Review of Educational 
Research . ig89. 59:20-25. 

McDerwott, P. A. snd M.W. Watkins, "Computerized vs. Conventional 
Remedial Instruction for Learning-Disabled Pupils," Journal of Special 
£dU£aLiAQ. 1983, 17:81-88. 

Mc&lnty T., "Electrpnic Learning's Second Annual Coaputer Coordinator 
Survey: Growing Pains: A Portrait of an Emerging Profession," 
Electronic Learning. 1987, 6:(5):18-23. 

McKeown, M.G. and I.L. Beck, "Learning Vocabulary: Different Ways 

RenwO^aT Fducatlon and Speci al Education . 1988, 

9:42-52. 



ERIC 



E-64 

NcNamra, T.P., D.L. Miner, aiNi J.D. Bransford, (In pre$s), "Hental 
Models and Reading Ciw^rehenslon, in T.D. Pearson, R. Barr, M. Kami!, 
and P. Mosenthal (eds.). Handbook of Reading Research. Vol 2, Longaan. 
N.Y. 

Merrill, E.C., R.O. Sperber. and C. IteCauley, -Differences in 
Semantic Encinllng as a Function of Reading Cwrehenslon Skill, f^mi 
and Cognition . 1981, 9:618-624. 

Minsky, M., "Fora and Content In Cosputer Science,* Journal of the 
Association of Coi^utlng Machinery," 1970, 17:197-215. 

Mokros, J.R. and S.J. Russell, "Learner-Centered Software: A Survey 
of Microcomputer Use with Special Needs Students," Journal QT UOTlnq 
Disabilities . 1986, 19:185-190. 

Morocco, C.C., 8. Oalton, and T. Tinvan, The laoact of Coirouter- 
SupDorted Writing Instruc tion on the Writing Quality of Uarnlnq 
Disabled Children . Final Report, The EDC Writing Project, Education 
Developoient Center, Newton, Mass., 1989. 

Mykelbust, H.R., DeveloPBient and disorders of written language; Vol 
2. studies of Normal and gyreptional Children. Grune and Stratton. New 
York, N.Y., 1973. 

Newsan, D., Formative Experiments on Technologies that Change the 
Organization of Instruction, paper presented at the Annual Meeting of 
the American Educational Research Association, San Francisco, Calif., 
March 1989. 

Nodine. B.F., E. Barenbaum, and P. Newcomer, "Story Composition by 
learning Disabled, Reading Disabled, and Normal Children," learning 
Disability Quarterlv. 1985, 3:46-53. 

Norris, CM. and B. Lurasden, "Functional Distance and the Attitudes 
of Educators Toward Computers, T.H.F. Journal, 1984, 11:(4):129-132. 

Okolo, CM.. The Effects of Computer-Assisted Instruction Attribution 
Feedback on Learning Disabled Students' Achieveme nts and Attributions, 
in preparation. 

, M. Hinsey, and B. Youseflan, "Learning Disabled Students* 

AcquTsTITon of ICeyboarding Skills and Continuing Motivation Under 
Drill-and-Practice and Game Conditions," teaming Disabilities 
Research , in press. 

. and V. Owen, The Fffects of Sender and learning Disability 

on Students' Cwrouter Experiences and Attitudes , manuscript submitted 
for publication, 1990a. 




f 



E-65 

u ,xj WIcrocoBaMitftr-Based LanQuaae Arts Instruction for 
fWUlcultural Students with Leaminn DlsablHUgs. paper presented at 
the 68th Annual Council for Exceptional Children Conference, Toronto. 
Ontario, Canada, April 1990b. 

H.J. Rieth, and C. Bahr. "Nlcrocoa^uter Ii^lei^tatlon In 
Secondary Special Education Prograas: A Study of Special Educators', 
Mildly Handicapped Adolescents', and Adislnlstrators' Perspectives," The 
Journal of <;pfic1al Fducatlon. 1989, 23:107-117. 

Pallnscar, A.S., and A.L. Brown, "Reciprocal Teaching of 
Cofl^rehens Ion-Fostering and Cosprehenslon-Honitoring Activities," 
Cognition and Instnigtinn 1984. 1:127-175. 

Paluirfw, D.B., "Prograiwlng Unguage/Proble^-Solvlng Research: A 
W^sr'sS^ Issues," Review of Edu cational Research . 1990. 

Panyan, M. and J.W. Husnel, Evaluation of the Integration of 
TgC^noloqy for Instructing Handlcaooed Children f El «Mn tarv School 
Uyfil. The Johns Hopkins University, Center for Technology in Human 
Disabilities. 1988. 

H ln^ norwy; Children. CoaiDUters. and Powerful ideas . 
Viking Press, New York, 1980. 

^^-^^^-^.^-Computer Crltlclsin vs. Technocentric Thinking," 1987, 

Paris. S.e., "Comprehension Monitoring, Me^ry, and Study Strategies 
of Good and Poor Readers," Journal of Reading Behavior . 1981. 13:5-22. 

Pea. R.D.. Symbol Systems and Thinking Skills: looo in r.nnteyy 
preproceedlngs of the 1984 International Logo Conference, Massachusetts 
Institute of Technology, Caa^ridge, Mass., 1984. 

„ . - - » "Beyond Aa|»11f1cat1on: Using the Coi^uter to Reorganize 
Mental Functioning," Educational Psychologist. 1985, 20:167-182. 

„ "The Aims of Software Criticism: Reply to Professor 

Papert." Educational Bp<i>i|ry|^^r, June-July 1987, 4-8. 

^ ' "Distributed Intelligence and Education," (In press), in 

D.n. Perkins, J. Schwartz, N.M. West, and M.S. Wiske (eds.). Teaching 
for Understanding in the Age of Technology^ volume In preparation. 

Pearson, P.O., and K. Camperell, "Ci^rehenslon of Text Structures," 
in J.T. fiuthrle (ed.) Coaorehension and Teaching. Internatijnal Reading 
Association, Newark, Del 7, 1981. 



ERIC 



V>7 



£-66 

Perkins, D.N., "The Fingertip Effect: How Inforaatlon-Processlng 
Technology Changes Thinking," Educational Researcher . 1985, 14: (7): 12- 
17. 

> Person Plus. A Distributed Vleti of Thinking and Learning. 

paper presented at the Annual Meeting of the African Educational 
Research Association, Boston, Mass., April 199Q» 

and 6. Saimn, "Are Cognitive Skills Context-Bound?," 
Educational Researcher . 1989, 18: (1): 16-25. 

Perkins, D.N. i C. Unger, The New Look In Representation for 
Mathenattcs and Scien ce Lean^ln^ . paper presented at the Social Science 
Research Council Conference "Coiqyuters and Learning,* Tortola, British 
Virgin Island, June 1989. 

Pisoni, O.B., and S. Hunnlcut, "Perceptual Evaluation of NITalk: The 
MIT Unrestricted Text-to-Speech System, 1980 IEEE Internationals 
Conference Record on Acoustics. Speech, and Signal Processing. IEEE 
Press, New York, N.Y., 1980, 572-575. 

Ploi^, T., A. Steerneaan, and W.J. Pelgrum, Currlcular Changes ^s a 
Conseouence of Coi^uter Use , paper presented at the European Conference 
on C(^uters In Education, Lausanne, Switzerland, July 1988. 

Rhyne, J.H., "Comprehension of Synthetic Speech by Blind Children," 
Journal of Visual Iiroalrnient and Blindness. 1982, 76:313-316. 

Rieber, L.P., Animated Graphics. Incidental Learning, and Continuing 
Motivation , paper presented at the Annual Meeting of the American 
Educational Research Association, Boston, Mass., April 1990. 

Riel, M., "The Cofliputer Chronicles Newswire: A Functional Learning 
Environment for Acquiring Literacy Skills," Journal of Educational 
Computing Research. 1985, 1:317-335. 

Rieth, H.J., C. Bahr, C. Okolo, L. Polsgrove, and R. Eckert, "An 
Analysis of the Impact of M1crocoiiq)uters on the Secondary Special 
Education Classroom Ecology," Journal of Educational Computing 
BfiSfiHSll, 1988, 4:425-441. 

Risko, V.J., C. Kinzer, J. Goodman, K. McLarty, A. Dupree, and H. 
Martin, Effects of Macrocontexts on Readlno Comprehension. Composition 
of Stories, and Voca bulary DeveloMBent . paper presented at the Annual 
Meeting of the American Educational Research Association, San 
Francisco, Calif., March 1989. 

Rosegrant, T., "Using the M1crocon4)uter as a Tool for Learning to 
Read and Write," Learning Disabilitv Quarterly . 1985, 18:113-115. 



ERIC 



I 



I 



ERIC 



E-67 

Rosegrant, T.J. and R.A. Cooper, Talking Text Writer [co^utar 
pn^raa], Scholastic Inc., Jefferson City, Mo., 1983-84. 

Roth, S.F. and I.L. Beck, "Theoretical and Instructional In^lications 
of the Assessisent of Two NicrocnqMiter Word Recognition Programs," 
Reading Research Quarterly. 1987, 22:197-218. 

Rouse, N.D. and P.L.C. Evans, "Drill and Practice Couputer Programs 
lB4>rove Perfomance in Arithaetic - or Do They?," Remedial Education . 
1985, 20:(2):59-63. 

Russell, S.J., "But What are They Learning? The Dilenma of Using 

^iSr***^??"^*" ^P**^^*^ Education,- Learning Disability Quarterly. 
1988, 9:100-104. 

Salooon, G., "Television is 'Easy' and Print it 'Tough': The 
Differential Investraent of Mental Effort in Learning as a Function of 
Perceptions and Attributions." Journal of Educational Psvcholnov. 1984, 
76:647-658. 

« "Al in Reverse: Conq)Uter Tools That Turn Cognitive," 
Journal of Educational C qwputing Research . 1988, 4:123-139. 

and D.N. Perkins, "Roclyr Roads to Transfer: Rethinking 
24^113-142 a Neglected Phenofl»non." Educational Psvcholpgist. 1989. 

Sandals, L.H. and J. Hughes, "Computer Software for those with 
Special Needs: What is Really Needed?," Canadian Journal of Special 
Education. 1988. 4:(1}:23-41. 

Sayers, D. and K. Brown, "Bilingual Education, Second Language 
Learning, and Tel econHHinI cat ions: A Perfect Fit," CALL Digest . 1987, 

Scardanalia, M., C. Bereiter, and R. Steinbach, "Teachability of 
5?flS*^U)I® '''•^"sses in Written Coa^osition," Cognitive Science . 1984, 

Schmidt, M., T. Weinstein, R. Niemic, and H.J. Walberg, "Computer- 
Assisted Instruction with Exceptional Children," The Journal of Special 
E^UCItlOn, 1985-86, 19:493-501. 

Schoenfeld, A., "Metacognitive and Episteiw»logical Issues in 
Matheaatical Understanding," in E. Silver (ed.), Teaching and teaming 
Mathematical Problem Solving^ Lawrence Erlbaum, Hillsdale, N.J., 1985, 
361-379* 

Schmker, J.B., P.H. Denton, and D.D. Deshler, The Learning 
Strategies Curriculuia: Jh? Parwh rasing Strategy . University of 
Kansas, Lawrence, Kans., 1984. 



E-68 

. 0.0, Oeshler^ G.R. Alley, and P.H. Itenton, 'ffoltlpass: A 
Learning Strategy for Iiqirovlng Reading Comprehension, Learning 
Disability Quarterly. 1982, 5:295>304. 

Schiraaker, J.B., S. Nolan, and D.D. Oeshler, The Learning Strategies 
CurrlculMB: The Error Honltorino Strategy . University of Kansas, 
Lawrence, Kans., 1985. 

Schi^ker, J.B., and J. Sheldon, The Learning Strategies Curriculum: 
The Sentence Writing Strategy . University of Kansas, Lawrence, Kans., 
1985. 

Simon, H., "Problem Solving and Educatlo;*,"" m D. T. Tuma and TR. 
Relf (eds.), Problem Solving and Educatlor.: issues In Teaching and 
fismcch, Erlbaum, Hillsdale, N.J., 198 . 

Sternberg, R.J., J.S. Powell, and O.B. K^yR, ''Teaching Vocabulary- 
Building Skills: A Contextual Approach," In A.C. Wllkson (ed.). 
Classroom Computers an d Coonltive Science . Academic Press. New York, 
N.Y., 19a3, 121-143. 

Swan, K., and J.B. Black, The Cross-Contextual Transfer of Problem 
Solving Skills . (CH report 87-3), Columbia University, Teacher 
College, Department of Communication, Confuting, and Technology, New 
York. N.Y., 1987. 

F. Guerrero. M. Mitranl. and J. Schooner. "Honing in on the 
Target: Hho aiming the Educationally Disadvantaged Benefits Most From 
What CBI7." Journal of Research on Computing In Education. 1990, 
22:381-403. 



70 



E-69 

J. Mitrani, F. Guerrero, M. Cheung, and J. Schoener, 
Perceived Locus of Control and Coimuter-Based Instruction, paper 
presented at the Annua) »teet1ng of the American Educational Research 
Association, Boston, Mass., April 1990. 

Torgesen, J.K., "Using C(^uters to Help Learning Disabled Children 
^'^^^^^^JJ!***!'^;. i Research-Based Perspective." Leamlno DlsafailitiP< 
Focus. 1986, 1:(2):72-81. 

_ and K.A. Young, "Priorities for the Use of Mlcrocoa^uters 

Viir^^l!;^ Disabled Children," Journal of Leamlno DisabiHtiP^. 
1983, 16:234-237. 

^ ____f M.D. Waters, A.L. Cohen, and J.L. Torgesen, "Inproving 
Sight Recognition Skills In LD Children: An Evaluation of Three 

??"?!j3*rJ*'*^'**'" Variations," Leamlno Disability Quarterly. 1988. 
11:125-132. 

Trifiletti, J.J., G.K. Frith, and S. Armstrong, "Microcomputers 
Versus Resource Roonis for the LD Students: A Preliwinary Investigation 

;^ci^Sc^^^®^*^ °" ^^^^ Skills." Learning Disa bility Quarterly . ig84. 
7 J 69-76. 

Turkel, S.B., and O.M. Podell, "Coii^uter-Asslsted Learning for Mildly 
Students." Teaching Excpptional Children. Sumner 1984, 
16: (4): 258-262. 

U.S. Congress. Office of Technology Assessment, Power On! New TnnU 
for Teaching and Learning. U.S. Government Printing Office. Washington. 
D.C., September 1988. 

Van Haneghan, J.. L. Baron. M. Young. S. Hiniaws, N. Vye, and J. 
Bransford. "The Jasper Series: An Experi^nt with New Ways to Enhance 

Jf?*!!"^!?!?'^^?^'" ^" ^' "^^P*"^ ^^'^ Continuing th e Deyelooment 
Qf Thinking Skills in Science and Hatheaatirs. (in press). 

Vye, N.J.. D. Rowe, C. Kinzer. and V.J. Risko. The Effects of 
Anchored Instruction for Teachino Soci a l Studies; Fnhanrino 
Qomprehension of Settlno Information, paper presented at the Annual 
Meeting of the Aii»r1can Educational Research Association. Boston. 
Mass., April 1990. 

Walker. D.F.. "Logo Needs Research: A Response to Papert's Paper." 
Educational Rgsearcher, ,1une-July 1987. 9-11. 

Warren, B.. and A.S. Rosebery, "Theory and Practice: Uses of the 
S'*55"!r 1; 'heading. Re^lal Education and Soer ial Education . 1988, 
9:Z9-3o. ol. 

Weir, s.. "The Coi^uter in Schools: Machine as Huraanizer," Harvard 
Educational Rovipw. iggg. 59:61-73. 



71 



E-70 

Welzenbaioa, 1976. 

Whitehead. A.N.. The Aims of Education. MacMillan, New York. N.Y.. 
1929. 

Wiebe. J.H.. and N.J. Martin, The lamact of a Conmuter-Based 
Adventure/Action Gairo on Achieveaent and Attitudes in Geooraphv, paper 
presented at the Annual Meeting of the Anerican Educational Research 
Association. Boston, Mass.. April 1990. 

Winkler, J.D.. R.J. Shavelson. C. Stasz. A.E. Robyn. and W. Feibel. 
"Pedagogically Sound Use of MicroccM^uters in ClassrooM Instruction." 
Journal of Educational Cm nputinQ Research . 1985. 18:285-293. 

Winn. T. and I. Cole^n. "Urban and Rural: A Dialogue About 

^" Schools." Journal of Educational Cowputino Research. 1989. 

59:45-49. 

Wise. B., R. Olson. M. Anstett. L. Andrews, M. Terjak. V. Schneider. 
J. Kostuch. and L. Kriho, "I»ple«enting a Long-Term Cos^uterized 
Reisedlal Program with Synthetic Speech Feedback: Hardware. Software, 
and Real-World Issues." Behavior Research Methods. Instruments, and 
Coim)uters. 1989. 21:173-180. 

Wiske. M.S.. J.W. Shepard. and D. Niguidula. Collaborative Research 
goes to School; 6uided Inouirv with Coanuters in Classrooms . 
(Technical Report TR88-3). Harvard Graduate School of Education. 
Educational Technology Center. Can^ridge, Mass.. Decea^er 1988. 

„ . « P- Zodhiates. B. Wilson. M. Gordon, W. Harvey. L. Krensky. 

B. LorffTH. Watt, and K. Williams, How Technolog y Affects Teaching . 
(Technical Report TR87-10). Harvard Graduate School of Education, 
Educational Technology Center. Cambridge. Mass.. March 1988. 

Woodward, J. P.. and D.W. Camine. "Antecedent Knowledge and 

il?^®l]Jffl?^ ^^Ki!!®'* Assisted Instruction." Journal of Learning 
Disabilities. 1988, 21:131-139. 

Woodward. J.. D. Carnine, and M. Collins, "Closing the Performance 
Gap: CAI and Secondary Education for the Mildly Handicapped," Journal 
of Educational Computing P«»<i»flir^h. 1988. 4:265-286. 

Woodward, J., R. Gersten, M. Gleason. 6. Johnson, and M. Collins. 
"Applying Instructional Design Principles to CAI for Mildly Handicapped 
Students: Four Recently Conducted Studies," Journal of Special 
Education TAchnnlyiy, 1986, 8: (1): 13-25. 



o 

ERIC 



72 



E-71 

Young, N.F., N.J. Vye, S.N. Wllllaais, J. Van Haneghan, J.D. 
Bransford, and L.C. Barron, Research on Videodisc Hacrocontexts to 
Enhance Problem Solving for Hiddle School Students, paper presented at 
the Annual Meeting of the Aaierican Educational Research Association, 
Boston, Mass., April 1990. 

Ysseldyke, J.E., and B. Algozzlne, "Where to Begin in Diagnosing 
Reading Prob1e»s." Tonics In Leamino and Learning Disabnities. 1983, 
2:(4):60-69. 

Zorfass, J., S. Persky. and A.R. Rewz, Proaoting Successful 
Technology Integration: Contributions of Technology Specialists, paper 
presented at the Annual Meeting of the American Educational Research 
Association, Boston, Mass., April 1990. 



